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INTRODUCTION. 


Of the grape pests of the Hrie-Chautauqua grape belt none is more 
baffling to control or more discouraging to the vineyardist than the 
grape-berry moth (Polychrosis viteana Clem.) (Pl. I). Owing to its 
direct attack upon the fruit, its ravages are felt at once wherever it is 
present in destructive numbers. It is very erratic in its occurrence, 
both locally and seasonally. In some years it may be practically 
absent from the majority of the vineyards of the belt, whereas in 
other years it is often not only the pest of first importance, but its 
ravages exceed those of all other pests combined. 

To establish means of control for this pest experiments were con- 
ducted at North East, Pa., during the seasons of 1914, 1915, and 1916.1 


1 This investigation was conducted under the direction of Dr. A. L. Quaintance, Entomologist in Charge 
of Deciduous Fruit Insect Investigations of the Bureau of Entomology. At the outset the work was 
greatly facilitated by the temporary association of Mr. Fred Johnson, formerly of this bureau, who 
placed at the writer’s service his extended knowledge of grape insects and conditions in the Erie-Chau- 
tauqua grape region. The writer was assisted during the seasons of 1914 and 1915 by Mr. E. R. Selkregg 
and in 1916 by Mr. James K. Primm. Parallel with the experiments for direct control of the grape-berry 
moth, a study of its parasites was made by Mr. R. A. Cushman, from whom valuable cooperation was 
received. To these gentlemen and the cooperating vineyar dists the writer wishes to express his appre- 
ciation for numerous courtesies. 


Norte.—This bulletin will be of interest to grape raisers in New York, Pennsylvania, Michigan, and Ohio. 
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The results of these experiments constitute the chief subject matter 
of this bulletin. Only such biological data as are necessary as a 
basis for the remedial work are included. Various control measures 
which have been employed are given place in the earlier part of the 
paper, but chief attention is devoted to spraying, which has pew 
to be the most effective means of control. 


FOOD PLANT. 


The grape, as far as is known, is the only food plant of the larva 
of the grape-berry moth, and since the larve usually feed upon the 
grape berry, it is from this habit that its common name is derived. 
Before the berries are developed, the few early larve feed in the 
blossom clusters. In confinement larve may feed sparingly on grape 


leaves and stems. 
DISTRIBUTION. 


The distribution of the grape-berry moth extends throughout the 
United States from east of the Great Plains to the Atlantic, and 
from the southern portion of the Canadian Province of Ontario to 
the Gulf of Mexico. The States from which it has been recorded in 
publications and in unpublished files of the Bureau of Entomology 
are as follows: Massachusetts, Connecticut, New York, New Jersey, 
Pennsylvania, Delaware, Maryland, Ohio, Indiana, Illinois, Wiscon- 
sin, Michigan, Missouri, lowa, Nebraska, Kansas, Virginia, South 
Carolina, Florida, Alabama, Kentucky, Louisiana, Arkansas, and 
Texas. Most frequent complaints of its destructiveness have come 
to the Bureau of Entomology from New York, Pennsylvania, New 
Jersey, and Ohio. 

ECONOMIC STATUS. 


The grape-berry moth is a major grape pest in the eastern United 
States, on the whole probably being exceeded in destructiveness by 
the grape rootworm (/idia viticida Walsh) and the grape leaf- 
hopper (Typhlocyba comes Say). However, its exact status as a 
pest is uncertain. In some grape-growing regions, within the limits 
of distribution, its presence is ignored or even unknown to the 
srowers. It is exceedingly erratic and local in occurrence, and the 
damage which it inflicts varies greatly from year to year. The his- 
tory of the grape-berry moth in the Erie-Chautauqua grape belt is 
an example of this variation. In the western part of the grape belt, 
in Pennsylvania, during the season of 1916 this insect was by far the 
most destructive grape pest; in the eastern part of the grape belt, in 
New York, it was not generally regarded seriously, yet Slingerland 
in 1904 reported it as very destructive throughout all of this region, 
particularly near Brocton, N. Y., where in one vineyard as high as 
90 per cent of the fruit was ruined. 
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The extensive grape regions of Michigan have been the source of 
very few complaints of loss due to the grape-berry moth. In the 
summer of 1915 the writer visited many vineyards in the vicinity of 
Benton Harbor, St. Joseph, Paw Paw, and Lawton, Mich., and found 
the berry moth present in practically all of them, although usually 
in small numbers. Its destructiveness in this region is obscured by 
the greater and more consistent injury by the black-rot fungus, and 
probably injury by the grape-berry moth is often attributed to the 
black-rot fungus. In contrast to this, in the Ohio grape regions it 
has been consistently destructive and the leading grape pest for years. 
Even in a region where the grape-berry moth is a recognized pest 
it is by no means consistent in occurrence, and may be erratic and 
local even within a vineyard. In the vicinity of North East, Pa., 
in the western part of the Erie-Chautauqua grape belt, in most sea- 
sons fully half of the vineyards are practically free from it. In others 
the outside rows, ends of rows, or irregular spots are heavily infested, 
while the rest is practically free. Yet there are many vineyards that 
annually sustain the loss of from one-fourth to one-half the crop. 


DESTRUCTIVENESS WITHIN A VINEYARD. 


The destructiveness of the grape-berry moth is underestimated 
greatly even in vineyards where it is recognized as the chief pest, and 
where the infestation is hght it is usually ignored. This is due to the 
fact that ‘““wormy” grapes, unless very heavily infested, will bring 
a price comparatively near the standard price, seldom with a reduc- 
tion of more than 10 percent. HKven when the infestation approaches 
total, the price may be much nearer to the standard for grapes than 
_the price for cider apples is to the standard price for apples. Because 
of this the vineyardist is apt to consider the reduction in price as the 
chief loss and largely disregard what may be a greater charge against 
the berry moth—the reduction in weight. 

The berries infested by first-brood larve (see Pl. II, fig. 1) are 
totally lost, although if they are destroyed very early in the season 
this loss may be partially offset by increased weight in the rest of 
the cluster. Those infested by the second brood (see Pl. II, fig. 2), 
which the larve have left or in which the larve are well grown, lose 
weight rapidly; by the end of the season they are little more than 
dry shells and have but a fraction of their former weight (PI. III, 
fig. 1). This loss varies greatly, depending upon the time when fe 
berries are infested and upon the time of harvest. 

‘““Wormy” grapes are of course largely excluded from the market 
for basket grapes, for unfermented juice, and for some wines, unless 
all of the ‘‘wormy” berries are trimmed out. This exclusion from 
certain markets may in certain years represent a considerable loss. 
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If the infested berries are trimmed out of the clusters the loss of their 
weight is total in addition to the cost of trimming. 

While the berry moth is not as generally destructive as the grape 
rootworm or grape leafhopper, it is capable of inflicting greater losses 
than either to a single season’s crop, and neither of these pests will 
appear in destructive numbers with such alarming rapidity in a vine- 
yard which has been apparently free from them as will the grape- 
berry moth. “When it is present at all in a vineyard it always causes 
a loss in weight and is a constant menace to the grape industry in 
that vicinity. 


SUMMARY OF SEASONAL HISTORY AND HABITS. 


Before considering control measures, a summary of the seasonal 
history and habits upon which these measures are based will be given. 

There are two broods of the grape-berry moth that must receive 
economic consideration. The first brood, resulting from the hiber- 
nating generation, is comparatively small, owing to high winter mor- 
tality of the pupe. The earliest recorded emergence of moths is 
May 29 and the latest July 26; however, the bulk of the emergence 
begins between the 10th and the 25th of June, varying with the sea- 
son, and usually is ended within 3 weeks. Within 4 to 6 days after 
emergence the moths (PI. I, figs. 4, 5) begin depositing eggs, preferably 
ongrape berries. Incubation requires about 6 days. Thus the hatch- 
ing period of large numbers of larve begins from June 20 to July 5, 
depending upon the season, and continues for about 3 weeks. 

The beginning of this period is almost coincident with the falling of 
the grape blossoms and the setting of the fruit. The larval feeding 
period averages 23 days, after which the larve (PI. I, fig. 1) spin 
cocoons in leaves on the vine, and in an average of 13 days emerge as 
moths. Some pupe (PI. I, fig. 3), however, do not transform at this 
time but remain in the cocoon (PL. I, fig. 2) until the following spring. 

The earliest recorded emergence of summer-brood moths is July 12 
and the latest is after the middle of September. A heavy emergence 
of moths begins in a normal season in the latter part of July, and in 
backward seasons may continue as late as the earlier part of Septem- 
ber. Although the second brood is only a partial one, it is by far the 
more numerous and destructive. It may escape serious attention 
from the, vineyardists until shortly before harvest, when the well- 
grown larve begin to leave the berries they first attacked and to 
enter others. 

The development of this brood is slower than that of the first. In 
anormal season the larve are cocooning in large numbers by the lat- 
ter part of September and by the middle of October most of them 


1 This summary is based on the life-history studies of the grape-berry moth by Johnson and Hammar. 
and studies by the writer and his associates, the details of which have not yet been published. 
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THE GRAPE-BERRY MOTH (POLYCHROSIS VITEANA). 


Fie. 1.—Larva. Fig. 2.—Pupa (ventral aspect) in cocoon. Fic. 3.—Pupa (dorsal aspect). Fias. 
4,5.—Adult. All greatly enlarged. (Original.) 
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have left the berries. However, in the very late autumn of 1915 the 
majority of the larvee did not leave the berries until after October 25. 


Winter is passed in a cocoon, usually spun in a decayed grape leaf 
under the trellis. (PI. III, fig. 2.) 


FEEDING HABITS OF LARVA. 


The very few early larve which hatch before the grape blossoms 
fall feed in the blossom cluster. But most of them, coming after the 
grapes are set, eat at once into the berry, causing the characteristic 
purple spotting and cracking of grape berries. 

The point of entrance may be anywhere on the surface of the 
grape berry, but before the berries touch, about half of the larve 
‘enter around the stem attachment. Of 500 infested berries counted 
on July 14, 1916, about 12 days after setting of grapes, 266 were 
entered at the stem end and the other 234 from other parts of the 
oerape berry. After the grape berries reach the stage of growth 
where they begin touching, the point of contact becomes the most 
common place of entrance. / 

The early larvee, which hatch when the grape berries are still small, 
destroy many more berries than do larve which hatch after the grapes 


are larger. 
FLIGHT OF MOTHS. 


The distance which moths of this species may fly in large numbers 
is uncertain, but as a rule the spread of infestation is slow. In one 
instance serious infestation advanced from a heavily infested vine- 
yard into an adjacent young vineyard not more than 100 or 120 feet 
distant. In this vineyard there could have been no previous infes- 
tation, as it had just come into bearing. Some infested berries were 
found 350 feet from the older vineyard, but very few. On the other 
hand, the following season a vineyard about 1,100 feet wide, newly in 
bearing, was traversed and infested heavily by a single generation. 
The spreading of infestation probably is much influenced by weather 
conditions at the time of the flight of moths. While it may be slow 
ordinarily, no vineyard is immune from rapid infestation in a vicinity 
where the berry moth is present. 


HISTORY OF CONTROL METHODS. 


Measures to control the grape-berry moth, since its appearance as 
an economic pest, have developed gradually from many sources. 
The first considerable advance toward a solution of the problem, 
however, was made by the biological and systematic studies of 
Slngerland (9)! and Kearfott (8) in which they definitely de- 
termined the limits of the species and the fact that the grape was 
its only food plant; and by Slingerland’s field experiments, which 


1 Reference is made by number to “‘ Literature cited,” p. 42. 
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were the first in which spraying was attempted as a primary means 
of reducing its destructiveness. 

Gathering and burning grape leaves in the fall, to destroy the hiber- 
nating insects, was recommended first by Walsh and Riley (1). 
This recommendation remained in good standing until 1t was ques- 
tioned by Webster (5), because he was unable to rear any moths from 
collected leaves, and since that time it has appeared less frequently. 
Slngerland recognized the general futility of this practice and 
termed it ‘‘the least effective measure.” 

The bagging of clusters to prevent infestation was first recommended 
by Lintner (2). 

Picking and destroying infested fruit was recommended by Bogue 
(6) in a general way. Slingerland (9) recommended the picking 
of grape berries infested by first-brood larve and also advised the 
destruction of the ‘‘trimmings.”’ | 

Burying the hibernating pupz by plowing was also first suggested 
by Slingerland (9). 7 

Marlatt (8) first recommended spraying, but did so doubtfully, for 
at that time the berry moth was regarded as a general feeder. 
Following this both Beach (4) and Bogue (6) disparaged spray- 
ing as ‘‘of little value.’”’ Webster (5), however, observed that the 
pest could be controlled by spraying, and Felt (7) reported, as 
an incidental to rootworm control, that spraying had reduced the 
berry-moth infestation 50 per cent. 

Slngerland’s work, mentioned above, was followed by a number of 
important contributions. Gossard and Houser (11), in Ohio, 
recommended the addition of soap to an arsenical spray and the use 
of ‘‘trailers’’ in applying it. A thorough life-history study, the first 
upon which a satisfactory spray schedule could be based, was made 
by Johnson and Hammar (16) and a combination of control 
measures was recommended. Goodwin (i9), in Ohio, recorded 
satisfactory results by spraying, using 3 pounds of arsenate of lead 
(powdered) to 50 gallons of liquid, an adhesive, and an application 
with ‘‘traiers.’’ His spray schedule differed from the preceding by 
being directed largely against the second-brood larve. 


CONTROL EXPERIMENTS AT NORTH EAST, PA. 


Experiments to establish a control for the grape-berry moth, con- 
ducted at North East, Pa., were carried on in vineyards on a com-- 
mercial scale whenever possible. Vineyards chosen for experimental 
work were those which-had been infested heavily the previous season 
and as far as possible those in which the infestation had been dis- 
tributed rather evenly. 

To determine the degree of success of the different methods tried 
in vineyards, whenever it was feasible, counts were made of the sound 
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and infested berries in the different experimental plats and in the 
adjacent untreated check plats. Counts of infested berries in each 
of the different plats were made the first season from four 40-pound 
crates of harvested fruit. In all plats in a single vineyard, the crates 
were taken from the same relative positions. During the following 
seasons a count was made from all of the fruit from 12 to 25 vines. 
These vines were taken at intervals throughout the length of each 
plat so as to include all conditions, and in the same relative positions 
in all plats in the same vineyard. 


ELIMINATING VINEYARD CONDITIONS FAVORABLE TO THE GRAPE-BERRY MOTH. 


WINTER EXPOSURE. 


Protected situations in vineyards, along hedgerows, fences, or 
woodlots, and low-lying spots, are invariably more heavily infested by 
the berry moth than are the less protected portions of the same vine- 
yard. On the other hand, exposed knolls seldom are infested heavily. 
This variability in infestation, according to Johnson and Hammar, 
is due to protection afforded to hibernating insects and the conse- 
quent reduction of winter mortality. Goodwin attributed the heavier 
infestation in low-lying spots to washing of cocoons in winter. 
Observations by the writer confirmed both these conclusions and 
also indicated that wind at the time of flight of moths is a factor, 
as moths drift with the wind into these low-lying spots. 

Of these factors causing heavy infestation, one at least, winter 
protection in a vineyard, can be regulated more or less by artificial 
means. The importance of this factor was tested during the winter 
of 1915-16. 

Different lots of cocoons, collected in the fall of 1915, were placed 
in cylindrical baskets of 20-inch wire mesh and wintered in vine- 
yards in protected and in exposed situations, and also in the insectary 
yard under a covering of leaves held in place by wire screen. To 
forestall accidents each lot was divided into two baskets. In May, 
1916, the cocoons were removed and placed in rearing jars. Table 
1 shows the effect of the different conditions upon mortality: 


TABLE 1.—Percentage of emergence of the grape-berry moth hibernating in exposed and 
in protected situations. 


| Number | Number 
Lot No. Situation. of of moths 
cocoons. | emerged. 


Per cent. 
if In vineyard, naturally exposed; crest of windswept knoll... 350 20 5.71 
inte In vineyard, naturally protected by brush and drifted snow. - 350 86 24. 05 
J00 In vineyard, artificially protected by covering with 2 inches 
ONC aT bee seen Sal eas Sas ee see aie Ses eer semen epee neler 150 45 30. 00 


IV. In insectary yard, artificially protected under “leaf blanket’’. 350 154 44. 00 


8 BULLETIN 550, U. S. DEPARTMENT OF AGRICULTURE. 


The rearing records show clearly the value of winter exposure in a 
vineyard in reducing the number of moths that will be present the 
following season. 

A comparison of Lot III with Lot I shows how plowing, if inju- 
diciously practiced, may increase vineyard infestation. If a furrow 
is thrown up to the vines in late fall, after the larvee have spun their 
cocoons under the vines, it will give the hibernating pup winter 
protection. And if the earth is plowed away before the time of 
moth emergence, these artificially protected insects are released. 

It is obvious that the protection of hibernating pup should be 
avoided whenever practicable. Plowing to the vines in late fall 
after harvest should be avoided as far as possible. Hedge rows and 
brush along vineyards should be removed. This last coincides with 
good vineyard practice and is of value also in reducing danger of leaf- 
hopper injury. 


UNNECESSARY SHADE. 


Shade in a vineyard favors the berry moth. Where the growth is 
vigorous and the foliage dense, or where vines have been trained so 
as to give an unusual amount of shade, the infestation invariably is 
heavier than in adjacent parts of the vineyard or in vines giving less 
shade. Vigorous growth is desired, of course, but when horticultural 
considerations do not prevent, vine training systems which give 
unusual shade should be avoided. 


DESTRUCTION OF LEAVES IN FALL. 


Destruction of the hibernating generation in the cocoon, the first 
control measure to be recommended, was tried in the fall of 1914. 
ao a small block in the McDonald vineyard the writer attempted 
removing cocoons by raking out the leaves under the trellis. Upon 
examination of the leaves thus collected it was found that practically 
all of the cocoons had fallen out. In the followmg season when 
counts of berries infested by first-brood larvee were made no difference 
between this block and the check was noted. 

During the seasons of 1914, 1915, and 1916 the writer and his 
associates collected approximately 30,000 cocoons for rearing. No 
system could be devised to aid in collecting these cocoons and the 
work was necessarily done by hand. It was always a slow and 
tedious process and is impracticable as a means of control, since the 
cocoons are usually spun, except in very dry seasons, in leaves that 
are sodden and ready to fall apart, and not in fresh, crisp leaves. 
Frequently the cocoons are spun in the leafage of chickweed and 
sorrel! and in other leaves which ordinarily would escape collection. 
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BAGGING GRAPE CLUSTERS. 


The bagging of grapes immediately after the setting of fruit, to 
prevent infestation by the berry moth, was tried in the season of 1914 
in the vineyard of the late*Mr. J. L. Spofford. Clusters on 25 vines 
were covered with paper bags, 2 and 3 pound sizes. The bags were 
fastened on the clusters with long pins and a sht was cut in the 
bottom of each bag to drain out whatever water might collect. 

The experiment was successful in so far as exclusion of the moth 
was concerned. Only 20 wormy berries were found in 100 clusters 
which averaged 32 berries to the cluster. This was a total infestation 
of only 0.62 per cent. However, the test was not severe, for the 
infestation of the grapes on the surrounding vines was light, being 
only 13.2 per cent. The infestation of the bagged clusters was due 
no doubt to oviposition which had taken place before the bags had 
been placed on the clusters. 

The cost of bagging, however, is prohibitive in commercial vine- 
yards in the Erie-Chautauqua grape region. Brooks (10) records, 
in control measures against the grape curculio, that one laborer in 
his employ could bag 1,200 clusters a day. This was probably 
exceptionally fast work. Using this as a basis and figuring 550 
vines per acre, each bearing 40 clusters, or a total of 22,000 clusters, 
the minimum cost of bagging an acre of grapes, according to 1914 
prices, would be as follows: 


PAD IOMV ANTE DAOS soi Seen mata. Eo SS cee teed emt n, Cohen. eet nn eee tas RD Soe $22.91 
Costotibacs spiel onpersl: O00, tees ise eee eas Pe sea ETE ie eet 25.30 
Pins, $0.10 per 1,000. .... . EEG Cod ong ea Side ee Bee ited Ae to a Ser age as 2.20 

Mota eer wate aS eee teach Peete PR SAAS SLI OS 50. 41 


This method of control, if followed at all, would be practicable only 
in a garden vineyard. 
HAND PICKING INFESTED BERRIES. 


Attempts to control the grape-berry moth by hand picking the 
fruit infested by first-generation larve, in order to prevent subsequent 
infestation, were made in the seasons of 1914 and 1915. Clear-cut 
comparisons between the hand-picked plats and the checks were 
impossible because of the flight of moths from one row to another. 


EXPERIMENT IN ADAMS AND GinL VINEYARD oF NortH East, Pa., 1914. 


The plat chosen for the hand-picking experiment was a narrow strip 
of eight rows, contaming slightly more than 1 acre, located in a 
corner of the vineyard, and bordered by a hedgerow. ‘This plat was 
from three to four times as grossly infested as was the greater part of 
the vineyard. After the six rows nearest the hedge, the percentage of 
infestation declined quite rapidly as compared with that of the rest 
of the vineyard, and the south end, which was lower than the rest of the 
plat, was even more heavily infested than the rows next to the hedge. 

87069°—Bull. 550—17——2 
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Hand picking of wormy fruit was done July 7 and 8 and again 
between July 25 and August 1. The time of the first picking occurred 
about 10 days after the falling of the blossoms. The actual time 
expended in this work was 35.5 hours for the two men employed, or a 
total of 71 hours. The second picking, which was more or less inter- 
rupted by rain, developed that about 12 per cent of the berries were 
wormy. 

The counts of wormy berries taken at harvest time showed the 


following percentages of infestation: 
South end. North end. 


Per cent. Per cent. 
Hand-pireked. plait: 3582 070 8 oe ee ee nea sere 84.4 24.9 
CG 121 3 | elem cet Neen a in fap ete Napa che rt ot le adil cd acing tie 8 68.2 UTS 


This shows as a curious result that the hand-picked area was more 
heavily infested than the check, probably owing to the flight from 
the vineyard at large of moths which settled in this narrow protected 
area. 


EXPERIMENT IN MooRHEAD VINEYARD, MOORHEADVILLE, PA., 1914. 


A plat of 16 rows, 2 acres in area, was chosen in the middle of the 
vineyard of the late R. EK. Moorhead. The infestation was com- 
paratively uniform throughout. Hand picking of infested fruit was 
done three times, July 2 and 3, again from July 17 to 21, and again 
from August 10 to 15. The total time occupied in treating the 2 
acres was 55 hours, or 274 hours per acre. 

Counts of infested berries from four crates of grapes from the hand- 
picked plat were made and the same from the check plat. The 
following shows the percentage of infestation: 


EXPERIMENT IN THE McDONALD VINEYARD, Nortu Hast, Pa., 1915. 


The heavily infested ends of 12 rows of a vineyard section adjoining 
a woodlot were chosen for this experiment. The picked area extended 
along the rows about 70 feet. The plat was picked over once, August 
5 and 6, requiring a total of 22 hours’ work for approximately 
one-fifth of an acre. 

Counts taken just before harvest from representative vines in the 
hand-picked plat and in the check plat showed the following results: 


TABLE 2.—Counts in hand-picking experiment, McDonald vineyard, North East, Pa., 1915. 


Infested | 


Plat Number umber Number Infested | berries | Infesta- 
of vines. Ansions. |) Gomes. berries. er 100 tion. 


clusters. 


| Per cent. 
Hand picked s2o..c cae cee ee eee eee 12 520 13, 664 | 2, 592 498.4 | 18.12 
Check 12 546 | 16, 513 | 6,162 | 1,136.6 | 34.93 
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A plat of 22 rows, comprising nearly 3 acres, part of which had been 
hand picked in the experiment in 1914, was chosen for experimental 
work. No difference in infestation was shown in the two parts 
of this plat, probably because the effect of the work of the previous 
season had been obscured by the flight of moths from one part to 
another. However, the cumulative results probably were of con- 
siderable value, as the infestation im this section of the vineyard was 
much lighter than it had been the previous season, while the infesta- 
tion of the vineyard as a whole was about the same. 

The plat was hand picked only once for infested berries, between 
July 30 and August 5, the time required being lengthened by rain. 
The actual labor required was 43 hours. 

Counts taken just before harvest on 12 representative vines in the 
hand-picked plat and in the check plat showed the following results: 


TasBLe 3.—Counts in hand-picking experiment, Moorhead vineyard, North East, Pa., 1915. 


] 


Infested 
| berries | Infesta- 
berries. | per 100 tion. 
clusters. 


Number | Number 
of of Infested 
clusters. | berries. 


Number 
Plat. of vines. 


Per cent. 


and gpickedhaie = soe eb ss cs oes tain oe | 12 408 11, 793 945 | 242.3 : 
UGS ec Se eee ae tee pm | 12 360 | 11, 793 1,677 465.8 14.22 


DISCUSSION. 


An average, from the different experimental plats, of the time re- 
quired to hand pick the ‘‘wormy”’ berries in an acre of grapes was 
55.75 hours. At 124 cents per hour the cost per acre would be $6.97. 

This method, hand picking wormy berries, was employed in a num- 
ber of vineyards by the owners during the seasons of 1914 and 1915 
and as a rule the beneficial results were not readily apparent. In 
several instances the value of the work was reduced by picking the 
berries after most of the ‘‘worms”’ had left the grapes, and in others 
by inefficient laborers who missed a large percentage of the ‘‘wormy”’ 
berries. In some cases the infestation probably was considerably 
reduced and in one instance apparently successful control resulted. 
In this vineyard the infestation was restricted to a narrow strip com- 
prismg a few rows which were hand picked by the owner himself 
about once a week. 

From the experiments and observations of the two seasons, hand 
picking of ‘‘wormy”’ berries could be relied upon to reduce berry- 
moth infestation but not to control it. The difficulty of securing 
ample and efficient labor at a time when it is needed stands in the 
way of adopting hand picking as a general method of repression, and 
the ultimate cost is thus too high when only partial control may be 
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expected. It might be of use in a garden vineyard cr in a commer- 
cial vineyard where only a small area is infested, but on the -whole it 
can not be regarded as a satisfactory remedial measure. 


EARLY HARVESTING. 


Harly harvesting of grapes and removal of the “‘trimmings”’ re- 
move great numbers of berry-moth larve which otherwise would be 
left to overwinter in the vineyard. This practice is limited, for the 
grape harvest usually continues long after a majority of the berry- 
moth larve have cocooned. However, it should be applied to the 
worst infested areas in the vineyard. 

The degree of reduction of hibernating pupz by comparatively 
early harvesting is best shown by counting cocoons under vines. 
During the harvest of 1915, which was an extremely late season, one 
part of the edge of a vineyard, where the infestation was approxi- 
mately 50 per cent, was picked October 12 to 15, and all grapes were 
removed; the mhes part was picked October 24 to 26. The count ei 
cocoons adler 14 vines from each block was as follows: 


Cocoons 
4 Number of Cocoons 
Date picked. are foundunder oe 
vines. ioe per vine. 
CCERD COM DS eee Eee Oe gk Oe She as SL as sol a Re 14 92 6.59 
Octls1 026k Se AS Aa ee eee es | 14 621 44.50 


As stated, this was an exceptionally late season. During the sea- 
son of 1916, according to the records, half the larvee had left the 
grapes by October 4. Johnson and Hammar found that during nor- 
mal seasons the majority of the berry-moth larve left the grapes by 
October 10. 

Karly harvesting is more valuable in avoiding loss of weight in the 
crop attacked than in reducing the following season’s infestation. 
Grapes badly infested with the berry moth lose weight rapidly after 
the picking season begins, owing to the movement of larve from in- 
fested to sound berries, and to the subsequent shrinking of previously 


infested berries. 
BURYING HIBERNATING PUP. 


‘‘Plowing under’’ the hibernating generation previous to the time 
of moth emergence and keeping 1t covered during the earlier part of 
this period had been practiced for a number of years in the vicinity 
of North East, Pa., although no definite knowledge as to the effect- 
iveness of the practice had yet been ascertained. (See Plate IV.) In 
jate fall or early spring earth is thrown up by a plow to the vines 
on both sides covering the hibernating pupx under several inches of 
earth. This earth is allowed to remain until after the general emer- 
gence oi moths in the spring, when it is removed with a horse-hoe. 
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PLATE IV. 
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CULTURAL METHODS AGAINST THE GRAPE-BERRY MOTH. 


(Original.) 


© of earth before horse hosing. 


tidg 


rig. 2.—I] 


‘Removing ridge of earth under trellis with horse hoc. 


Trig. 1.- 
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SPRAYING AGAINST THE GRAPE-BERRY MOTH. 


Fia. 1.—‘‘ Trailer”? method of applying spray. Fic. 2.—‘“‘Set nozzle’? method of applying 
spray. (Original.) 
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The effect of this treatment is to prevent the moths from escaping 
through the covering of earth. 

In a number of vineyards where this method of control has been 
practiced, check rows were maintained in which the earth was 
removed early in the season, in order to determine, if possible, the 
effects of the practice. No definite results were obtained. If small 
checks were left the flight of moths obscured the results altogether; 
and in larger checks variation of infestation interfered. In some 
vineyards the infestation appeared to be reduced greatly, but in none 
was it controlled. 

The principle of this practice was proven correct, however, by a 
small experiment in the insectary yard during the season of 1916. 

Three lots of 300 cocoons each, collected in the fall of 1915 and 
wintered in the insectary yard, were placed in 8-inch flowerpots. ‘Two 
lots were covered with from 24 to 3 inches of earth; the third was 
left uncovered. The emergence record totals as follows: 

From 600 cocoons buried under earth no moths emerged. 

From 300 cocoons not buried 103 moths emerged. 

In a number of small lots 60 cocoons were placed in glass vials 
where the action of the moths after emergence could be observed. 
These cocoons were covered with earth at depths varying from } 
inch to 3 inches. Upon emergence none of the moths were able to 
_ work their way upward through the covering of earth. It should be 
remembered, however, that results as satisfactory as these can not be 
expected ander field conditions. 

“Horse hoeing’’ away from the vines, if done ee the grape 
blossoming period, would also destroy grape-rootworm pupz which 
are transforming at that time (13, 18). : 


SPRAYING. 


Experiments with poison sprays were conducted during each of the 
three seasons. All of the vineyards but one were planted to Concord 
grapes, which is the standard variety for this grape-producing region. 
In 1916 experiments were conducted also in a single vineyard of 
Niagara grapes. 

Weather conditions affecting spraying operations and _ results 
differed strikingly during the three seasons. Records from the 
Weather Bureau station at Erie, Pa., on Lake Erie, 16 miles west of 
North East, showed that in 1914 the months of July and August 
were nearly normal. The next year was colder with excessive rains 
during these two months, while the corresponding period of 1916 
was very warm and dry. The average mean temperature for these 
two months in 1915 was 2.4° below normal and the rainfall was 7.95 
inches above normal. In 1916 the average mean temperature was 
3.7° above normal and the rainfall was 3.39 inches below normal. 
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In rainfall during these two months the two seasons showed a. differ- 
ence of 11.34 inches. 
METHODS OF APPLICATION. 


All spray applications were made with a gasoline-power sprayer. 
Two methods of applying the spray were used. (See Pl. V.) By 
the one, spray was applied to the vines by a ‘‘set-nozzle’’ arrange- 
ment at the rear end of the machine. From vertical pipes on each 
side of the machine two short spurs were directed outward, each 
bearing an angle nozzle which drove the spray outward and upward 
and as far as possible under the leaves. The lower spur was below the 
lowest wire of the trellis. The height of this spur could be varied 
somewhat to suit the trellis. A third and upper nozzle was mounted 
on a longer spur and projected over the trellis, the nozzie being di- 
rected downward. The ‘‘set-nozzle’’ method of application of spray 
is more generally used against the grape rootworm and mildew, be- 
cause it is least expensive from the labor standpoint. 

By the other method single nozzles were mounted on short rods at- 
tached to the machine by trailing hose, and the spray was directed to 
the grape clusters by hand. This ‘‘trailer’’ method has been recom- 
mended by Johnson in his investigations against the grapevine leaf- 


hopper. 
The two methods require about the same amount of spray material 


per acre. When “‘set nozzles’? were used about 150 gallons of spray 
was applied per acre; with ‘‘trailers,” about 125 gallons per acre was 
used immediately after the fallmg of the blossoms, and about 175 
gallons when. the berries began to touch. 

When applications were made with ‘‘set nozzles’? the machine 
was driven along every row, but when ‘‘trailers’’ were used the 
machine was usually driven only along alternate rows, the rodman 
on each side being able to reach through the trellis and spray both 
sides of the row. 

The spraying schedules followed in these investigations were based 
largely on the seasonal-history studies on the grape-berry moth 
made by Johnson and Hammar, modifications being made the second 
and third seasons. : 


SPRAYING EXPERIMENTS IN 1914. 


From a control standpoint the spraying in 1914 was a failure, 
although it did bring about a consistent reduction in the numbers 
of the berry moths. Furthermore, results in the Phillips vineyard 
were of uncertain value because of the wide variation of infestation 
as shown by the checks. The negative results were of value, how- 
ever, since they indicated the necessity of a radical revision of 
spraying practice. 

In applying the spray, the difficulty in covering the grape clusters 
with ‘‘set nozzles’? was apparent. It was noted also that even when 
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the spray was applied directly to the grape clusters with “trailers”’ it 
did not adhere to the waxy skin of the grape berries, except when the 
solution to which soap had been added was used. ‘These features, 
(1) the application of the spray directly to the grape clusters and (2) 
the addition of soap to the solution, 

were the most important changes a a 


which were suggested by this sea- 
: ie Zz LO 

son’s work. : 
Js iE NEY D 

EXPERIMENT IN THE MOORHEAD VINEYARD, WEST LIS7 

MOORHEADVILLE, PA., 1914. 
Experimental work in the Moor- | 
head vineyard was conducted in a 


section of 38 rows, comprising about pee es 

5 acres, which was divided into 4 we. 1.—Diagram showing arrangement of ex- 

plats of 8 TOWS each and one of 6 perimental plats in Mr. J. M. Moorhead’s vine- 
yard, Moorheadville, Pa., 1914. (Original.) 

rows, the latter used as the check 

plat. The arrangement of the plats is shown in the diagram (fig. 1). 

The vineyard was rather evenly infested throughout. 


TABLE 4.—Spray mixtures used, methods and dates of application, and percentages cf in- 
festation in expervmental plats, Moorhead vineyard, Moorheadville, Pa., 1914. 


Dates Bordeaux mixture. | 
Plat No Dates sprayed sprayed Se | Laundry Wat Infesta- 
2 ‘| with set nozzles. with e a z soap. atch tion. 
trailers. paste). Lime. | Copper 
| sulphate. | 
1 Lege 25 ee June 9, 23, and Pounds. | Pounds. | Pounds. | Pounds. | Gallons. | Per cent. 
duly O)sabaeu arene! ea aeoaanaes 3 3 SH eeeee eee 50 25. 6 
IDEA ee ae June 23 and July 95 |50. 222-2. 5.2 3 3 Suliseoe Sees 50 26.7 
AST re ses Tune; 23 essence July 9 3 3 Sl eter seas 50 27.8 
Wie ee ose: GOR ees July +2 210 3 3 3 Ly 50 22.9 
@hecksum=| Persea ec). es ese, eae ee A ne tele ee PAD so | eae ae ier) [pene Se 31.8 
sprayed. | | 


1 Last application only. 


Though the experiments in this vineyard showed a consistent 
reduction of infestation, definite control of the grepe-berry moth was 
not established. In one plat the results appeared somewhat more 
favorable than in the others and offered a suggestion for further 
investigation. Soap was added to the spray mixture and “trailers” 
were used in applying it, but as these changes had been made only 
for the last application they could not affect the results materially. 


EXPERIMENT IN THE PHILLIPS VINEYARD, NORTH EAST, PA., 1914. 


Experimental work in the Phillips vineyard was conducted in a 
section which included 44 rows, covering about 7 acres. It was 
divided into 7 plats of 6 rows each. The middle row of each plat 
and the two rows at one side were chosen for checks. The arrange- 
ment of the plats is shown in the diagram (fig. 2). 
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TABLE 5.—Spray mixtures used, methods and dates of application, and percentages of in- 
festation in experimental plats, Phillips vineyard, North East, Pa., 1914. 


| | 
Dae | ee! Bordeaux mixture. | Mice: 
Plat No.| _ Dates sprayed sprayed | senate | Lae tine | water! ¢ a 
*“0-!| with set nozzles. with of lead Coie ee sul- SEER aa a- 
trailers. |(paste).| Lime. saiphat s P- | phate. tee 

Toe June 12, 26, and | Lbs." ‘}-Poulids: |-Pounas|Pounds\ Pints. |) Galle ere 

July 2 eres iteetec cence 3 3 Je ees creas, baie teh 50 a, 
10s aes June 26 and July | | | 

(oS noes Ie ere oe 3 3 | SIN | eet eta 50 4.5 
1 Bias hae Tene cose eee | July 12 3 3 | Sills ee) al ae 50 "Ee 
Cheek tac. | £255 = Sees eo Re ce Sees | eel eee ee estat al ata i Ia Seyi eetes Sa) 
TVics27 oe June 26 and July | | | 

A Dee a Atay 5 Ge SN | od whe 2 3 3 A | ease ta 50 9.5 
Vii ae Jane 26 = be [July 12 3 | 3 3 ee: 50 5.5 
Vib eee JUNC ZO ener July 12 37} 3 oi Wace baad 3 ee Js Be 8 50 17.9 
Check | biobisic een es eee pepbeseeescdiesece ses feds s2asad|[Poceessbacassoas eakews arte ce | 52.4 

| | 


1 Last application only. 


The infestation in this vineyard had been very heayy the previous 
season, but in 1914 it was light. Check plat B was much more heavily 
infested than the ad- 
jacent sprayed plat, 
whereas this plat was 
much more heavily 
infested than check 
plat A. While it is 
probable that spray- 
ing did reduce the in- 
festation somewhat in 
, this plat and in the 
SOUTH one next to it, be- 


NOP? TS 


Fig. 2.— Diagram showing arrangement of experimental platsin Mr. M. cause of the wide Wide 
D. Phillip’s vineyard, North East, Pa., 1914. Sprayed plats are yjation of infestation 


marked with Roman numerals, check plats with letters. (Original.) . 
in the  unsprayed 


checks, this can not be stated definitely. The similarity of results 
in check plat A and the sprayed plats adjoining it indicates failure in 


control. 
SPRAYING EXPERIMENTS IN 1915. 


The season of 1915 was marked by extremely heavy rainfall during 
the spraying season and during the month followmg. Spraying 
operations were interrupted frequently or delayed by rain and as a 
result spraying as a remedial measure was put to a very severe test. 
However, when the final counts were made, all plats sprayed with 
solutions containing arsenate of lead and soap and applied with 
“trailers’’ showed a satisfactory reduction of infestation from a com- 
mercial standpoint. The contrast in infestation between the sprayed 
plats and others was commented on with astonishment at harvest 
time by pickers who were ignorant that any remedial measures had 
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been employed. Tables 6 and 7 will give in detail the treatments 
applied in the different vineyards and the xesults as shown by per- 


centages of “wormy”’ fruit. 


NOP? 7/7 


EXPERIMENT IN THE BARTLETT VINE- 
YARD, NORTH EAST, PA., 1915. 


Experimental work in this 
vineyard was conducted in a 
square corner section of about 
2 acres which had been very 
heavily infested in 1914. It 
was divided into two large 
plats of 11 rows each with an 

Fig. 3.—Diagram showing arrangement of experimental 
8-row check between and 2 plats in the vineyard of Mr. A. P. Bartlett, North East, 
narrow plats of 3 TOWS each pas 1915. The sprayed plats are marked with Roman 

2 numerals and the check plats with letters. (Original.) 
outside of the larger ones. 
The adjacent vineyard also was unsprayed and used asacheck. The 
arrangement of plats is shown in the diagram (fig. 3). 


TABLE 6.—Spray mixtures used and method and dates of application in experimental 
plats, Bartlett vineyard, North East, Pa., 1915. 


Bordeaux mixture. 


| Arsenate | Method 


5 Dates of | =a | Walnary: | Nicotine r | : 
Plat No. : | oflead Water. | of appli- |Remarks. 
spraying. | (paste). me Copper soap. j|sulphate.! | Cation 
* |sulphate. 


| 


Pounds. | Pounds. | Pounds.| Pounds. | Pints. Gallons. | 


1 Te ia oe ore July 6,19 3 3 3 1 3 50 Trailers.|; Double 
| sprayed.2 

1 TT bee A | (2 ae GOntae= 3 3 1 3 50 |...do.....|;Single 
| sprayed.2 

iG 8 Eesacee es fe dora: 5 3 3 1 | 50)|2=do:-=—-| (Sa miedie 
| sprayed.? 

EVe Secs do. 5 3 3 1 4 | 50 |...do....| Double 
| | sprayed.? 


1 Last application only. 
2 Plats marked ‘‘double sprayed” were sprayed twice on each date of treatment, the seconu spray being 
applied as soon as the first had dried. 


TABLE 7.—Percentage of infestation in experimental plats, Bartlett vineyard, North East, 


Iie TRE 
First brood. Second brood. 
Plat No. Num- Num- 
a ber of | Total |Infested| Infes- Nu ber of | Total |Infested| Infes- 
vinies clus- | berries.| berries.| tation. wines clus- | berries.| berries.| tation. . 
ters ters. 
Per cent Per cent. 
1 ES se Sea ee 20 1,024 | 29,036 572 1.97 15 768 | 21, 760 849 3.9 
nN a GR a 20 1,132 | 31,314 572 271 15 849 | 23,489 963 4.1 
Check A: = >. 20 1,124 | 30,568 2,404 7.86 15 843 | 22,926 3,372 14.8 
aie Wye teh Se 20 1,330 | 38,676 375 97 15 997 | 29, 066 313 12 
SSE oe. Sore 20 1,192 | 41,107 124 .30 15 894 | 30,830 68 23 
Check 8 es 20 1,051 | 29, 567 1,943 6.57 15 788 | 22,175 3, 925 eCd, 
Ghock C2..:433% 20 832 | 21,356 1, 748 8.16 15 | 624 | 16,016 1,399 46.2 


87069°—Bull. 550—17——3 


18 BULLETIN 550, U. S. DEPARTMENT OF AGRICULTURE. 


On all sprayed plats where poison with adhesive had been applied 
with ‘‘trailers’’ the control was effective. Plats I and II on whieh 
arsenate of lead (paste) had been applied at the rate of 3 pounds to 
50 gallons of liquid were infested more heavily than Plats III and IV, 
on which arsenate of lead at the rate of 5 pounds to 50 gallons had 
been applied. The infestation was naturally heavier on the west 
side, however, as is shown by a comparison of the unsprayed plats. 
Double spraying appeared to reduce the infestation but not enough 
to offset the extra cost of application. 


EXPERIMENT IN THE MILLER AND CARLBURG VINEYARD, NORTH EAST, PA., 1915. 


The experimental plat in this vineyard included 64 rows covering 
about 10 acres. It was divided into 10 plats of 6 rows each, the 
4 remaining rows being left for check. This plat was surrounded on 


NOPPT/7A 


ce SOUTH 


Fig. 4.—Diagram showing arrangement of experimental plats in the vineyard of Messrs. G. H. Miller and 
A. I. Carlburg, North East, Pa., 1915. The sprayed plats are marked with Roman numerals and the 
check plats with letters. (Original.) 


all sides by vineyard, two parts of which were used as checks also. 
The arrangement of plats is shown in the diagram (fig. 4). Spraying 
operations for both first and second applications in this vineyard 
were interrupted and delayed by frequent rains. 


TABLE 8.—Spray mixtures used and methods and dates of application in experimental plats, 
Miller and Carlburg vineyard, North East, Pa., 1915. 


| Borleaus mix- 
ure. 
ee Laun- | Fish- ee 
Plat N Dates of | nate of ap oil Flour | tine Water Method of ap- 
°-| spraying. | lead Copper! s aay soap paste. | sul- ied plication. 
(paste).| Time. | sul- j , phate. 
phate 
Pounds. Pounds.| Pounds.| Pounds.| Pounds.|Pounds.| Pints. |Gallons. 
Le ted dizd.ie July 2,15 3 | 3 3 a ee ens Rae 50 | ‘‘ Trailers.” 
LESS ee July 2,15 5 3 Saleen 2. | die stsctee S| ee eeeeece 50 Do 
Ty July 2,15 Ge re Seda Sis eal deems 74a Bea ses BeOS 50 Do 
DVireesee July 3,16 3 3 3 J Ane ol eee oeterese 50 Do 
Wire coos dey aa July 3,16 3 3 Vulesemrore Opi ers Sse Se 3 50 Do. 
AVAL Ee ae July 3,16 3 3 3 1 a nero al eseieeteet 4 50 Do. 
VALS ee AoW ASG lasesoose 3 3 1 Es ate eae A ae eS 50 Do 
Villian ea July 5,17 3 3 hee al Se A NGA ear 50 Do. 
1D Gees July 5,17 3 3 Bi raeeeee eerie collec sadlico ceo Sae 50 Do. 
ae a yees July 5,17 3 3 Sul seeeeaeee Dial eee heed Fel es, Sere 50 | ‘‘Set nozzles.” 


1 Rain followed immediately after the second spray application on this plat and apparently washed off 
Most of the spray. 
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TABLE 9.—Percentage of infestation in experimental plats, Miller and Carlburg vineyard, 
North East, Pa., 1915. 


First brood. _ Seeond brood. 
Plat No. r Num- : + Num- 

uaa ber of | Total ee Infesta- Nou ber of | Total Totes Infesta- 

EDOP IE clus=. |iherries|jesoc 1 | tion. | ce |) Clus- | berries:| ce | tion 

vines tort ries. oe ries. 

| Per ct. Per ct 
1 Lee toee’ haar eae 25 601 | 14,028 450 Sua 20 481 | 10,822 847 7.91 
Lee a eS ee eee 25 544 | 12,550 414 3.29 20 435 9,640 951 9.86 
iLL Bie gst Sheek siren Sener | 25 492 | 11, 235 519 4.53 20 397 | 9,088 | 2,887 31.77 
lI fen se #28 ee oe 25 460 | 138,692 343 2.51 20 368 | 10,956 432 3.94 
i Se Set es ea Pee 25 575 | 138,705 289 2AL 20 460 | 10, 960 967 9.56 
Wile per beyas2 83 ee 25 796 | 19, 544 479 2.45 20 637 | 15,625 1,188 7.60 
TY) El St ear a a ane 25 712 | 22,736 | 1,264 5.99 20 570 | 16,587 | 5,523 33.31 
Vie = ee ese 25 661 | 18,508 795 4.18 20 529 | 14,783 | 2,793 18. 89 
TEX ae epee ea 25 561 | 16, 269 901 5.53 20 459 | 13,005 2,738 21.05 
De ae Re ea ate Wc 25 716 | 21,480 1, 024 4.53 20 513 | 15, 441 3, 152 20. 41 
@HECKEAL Fe 9-2 ae 25 695 | 20, 850 1,013 4. 86 20 556 | 14,480 3,958 28. 80 
@heck#B x= Senn 25 792 | 23,882 3, 533 14. 87 20 634 | 19,1385 | 11,803 61. 67 
COL EYEKET TS {Gy See | Fs ee (a S| (eg el eee are | ke 10 340 | 9,380} 4,710 50. 21 


In spite of the exceedingly adverse weather conditions at the time 
of spraying, all plats but one on which arsenate of lead with soap had 
been applied twice with “trailers’’ (Plats I, I, IV, V, and VI) showed 
a satisfactory reduction of the grape-berry moth from a commercial 
standpoint. In one plat where rain followed immediately after the 
second spray application (Plat III) the results must be disregarded. 
The rain also probably reduced the efficiency of control in Plat II, 
which was sprayed just before Plat ITI, and to a less degree may have 
affected others; but the results showed that when the spray had 
time to dry on the grape berries before rain, a fairly satisfactory con- 
trol could be secured. Failure to contro! resuited in plats where 
spray was applied with “set nozzles’’ mstead of “‘trailers’’ (Plat X), 
where the soap was omitted from the spray mixture (Plat IX), and 
where flour paste was used as adhesive mstead of soap (Plat VIII). 
Bordeaux mixture and soap were used without arsenate of lead (Plat 
VII) and no effect, repellent or insecticidal, was noted. Nicotine 
sulphate appeared to add nothing to the effectiveness of the solution 
(Plats V and VI). Laundry soap (Plats I, IV, and VI) and fish-oil 
soap (Plats Il and V) were both used apparently without distinct 
advantage for either. The plat sprayed with 5 pounds of arsenate 
of lead (paste) to 50 gallons of liquid (Plat IL) was much more heavily 
infested than the plat sprayed with only 3 pounds of arsenate of 
lead (paste) to 50 gallons (Plat IV), but as the second application of 
spray on Plat II was closely followed by rain the mfestation in this 
plat was probably also somewhat heavier naturally. (Compare check 
plats B and C with A.) 
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The experimental work in the Moorhead vineyard was conducted 
in the same section as in 1914, but the arrangement of plats was 
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Fic. 5.—Diagram showing arrangement of plats in 
the vineyard of Mr. J. M. Moorhead, Moorhead- 
ville, Pa., 1915. The sprayed plats are marked 
with Roman numerals and the check plats with 
letters. (Original.) 


somewhat changed. The plat 
that had the lightest infestation 
was chosen as check, while the 
check of the 1914 season was 
sprayed. The adjacent sections 
of the vineyard were sprayed once 
by the owner, soon after July 1, 
with arsenate of lead (paste), 3 
pounds, and Bordeaux mixture, 
50 gallons, to contro] the grape 
rootworm; the spray was applied 
with “set nozzles.’’ Counts were 
made from these sections adjacent 


to the experimental block and they are recorded as checks, B and C. 
The arrangement of plats is shown by the diagram (fig. 5). 


TaBLE 10.—Spray mixtures used and methods and dates of application in experimental 
plats, Moorhead vineyard, Moorheadville, Pa., 1915. 


| | | 
| Bordeaux mixture. | 
Arsenate | Tent: 
NI Dates of | Laundry , Nicotine : | Method of ap- 
Plat No. | soraying. Cnc Copper | S02P- | sulphate. Water. |“ ‘plication. 
Paste) | ime: Pp 
| sulphate. 
| Pounds. | Pounds. | Pounds. | Pounds. | Pints. | Gallons. | 
Reyes bay | July 1,20.. 3 Sly Peseta: cet |S eee 50 | Sprayer (“trail- 
| er’’)drivenin 
eee al- 
| | leys. 
(ES eae See July 1,20_- 5 3 3 i Sarees 50 | Every alley. 
[1 Aer | July 1,20. 3 3 3 i j 50 | Alternate al- 
eys 
TDN) Syst SS oe | July 1,21. .| 3 3 3 | i I eee 50 "Every alley. 
j i 


TABLE 11.—Percentage of infestation in experimental plats, Moorhead vineyard, Moore- 
headville, Pa., 1915. 


First brood. | Second brood. 


ries. 


Plat No. Number Number Total ber- 
of vines. | clusters. |. 
TO A-One Seeger UN re 20 820 
DAS eg: Se pe idee ge wk 20 975 
EB BRS eee ar Shake 4 oa apts "Se eal 20 726 
ChecktA: ctwsyset tees Be. ee 20 975 
PR Oe ete Fe Tie the eee Soe 20 813 
Check Basis sie see ee ee 20 785 
Check: Ci 3ate re a eee 20 756 


Infested | Infesta- 


fested | Infesta- 


berries. tion. berries. tion. 
Per cent. Per cent. 
29, 130 0.31 15 Senta 
34, 450 112 Boe 717 2.08 
22,411 49 E22 943 4.21 
25, 512 903 3. 54 4,860 19.05 
26, 350 141 .o4 1,07 4.06 
21,951 715 3.25 4,997 22.81 
22,478 822 3.65 7, 736 34. 86 


CONTROL OF THE GRAPE-BERRY MOTH. a 


The final counts show that the grape-berry moth had been con- 
trolled in all sprayed plats. In this respect they contrast sharply 
with the previous season’s results in the same vineyard. The only 
essential differences between the treatments of this season and those 
of the previous one were the addition of soap to the spray mixture 
and the application of the spray with ‘trailers’? instead of with 
“set nozzles.”’ 

The results further indicate that 3 pounds of arsenate of lead 
(paste) was practically as effective as 5 pounds to 50 gallons of 
liquid, and that no special advantage or mjury resulted from the 
addition of nicotine sulphate to the spray mixture. Also that 
drawing the sprayer in every alley and each rodman spraying only 
one side of a row at a time had no advantage over driving up alternate 
alleys with each rodman spraying both sides of a row at one time. 


SPRAYING EXPERIMENTS IN 1916. 


Confirmation of the 1915 results was the most important feature 
of the season’s work. Although infestation by the grape-berry moth 
was much heavier, the season was more favorable for work and 
the control measures were more effective. 


EXPERIMENTS IN THE BARTLETT VINEYARD, NORTH EAST, PA., 1916. 


The experimental work in Mr. A. P. Bartlett’s vineyard was con- 
ducted in two sections differmg in distribution of the berry moth. 
In both sections the rows ran north and south, but the checks were 
arranged differently. In the upper section the 1915 infestation was 


NOKP7T SY 
OSFLL? FINE XYATFTO 


SOW7H 


Fig. 6.— Diagram showing arrangement of experimental plats in vineyard of Mr. A. P. Bartlett, 
North East, Pa., 1916. In the lower vineyard the sprayed plats are marked with Roman nu- 
merals and the check plats are lettered. (Original.) 


much the heavier on the west side, consequently the checks were 
not chosen in the usual way but instead a transverse check of the 
end 6 vines on all rows was left unsprayed. The arrangement of 
plats is shown by the diagram (fig. 6). 
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TABLE 12.—Spray mixtures used and method and dates of application in experimental 
plats, Bartlett vineyard, North East, Pa., 1916. 


Bordeaux mixture. 


Arsenate 5 Resin Potash Method 
Plat No. | , et of lead aun Y| fish-oil | fish-oil | Water. | of appli- 
Prayee. |‘ powder). Teme Copper DP; soap. soap. cation. 
*  |sulphate. 
Pounds. |} Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Gallons. 
1 Saea oo e July 22 ss 3 3 I beedseesea loodsosocas 50 | “Trail- 
ers.”? 
fl eee eae Ang. 12 4 3 Be ossecosas 16) | eee 50 Do 
TEE Sa July 6, 25 13 3 Bt eee ae © a ib Re Aen 50 Do 
Ve eee oe July 6,25 13 3 3 TA eee 2 ya | a a re 50 Do 
and Aug 
12. 
Were eee te July 5,21 13 3 3 1h eee SOSA aaa ers 50 Do 
DV ce oe July 6,21 24 3 3 1 PS) Se eee Ss aia Le 50 Do. 
MERE ee July 5,21 TE Ae a fi Soa PEN alee Ti Aer Brn Sea 50 Do. 
Vile ok July 5,22 13 3 BN es aad aeeen Eee s 2 50 Do 


TABLE 13.—Percentage of infestation in experimental plats, Bartlett vineyard, North 
East, Pa., 1916. 


| 
| First brood. Second brood. 
Number |} Number 
Plat No of of Total. 
vines. | clusters. | berries. | Infested | Iafesta- | Infested | Infesta- 
berries. tion. berries. tion. 
Lower Per cent Per cent. 
fe a ae Rare ee ee 20 5382 17, 556 1, 708 OR 2,970 16. 92 
11) Deccan iecee a ae ale Saaen e imaa Re (Ong! 20 424 129720) 8 eet are reat eae 2,486 19. 97 
ChecksAh eae es eee ee eee 20 415 12, 450 858 6. 64 6, 913 55.53 
dU RPE ne venga ee ee 20 389 11, 281 228 2. 02 243 2.14 
WE Ve sce hte ote, = pee gee et ener 20 390 Ad Weir (0, Os fea air a a 81 68 
se fe Mirah iS Men Meee per ie Lay es 20 411 11, 508 145 1. 26 182 1.57 
(Oiled Sees een ere eye 20 460 TU A Oh ease a at sas 10, 909 79.7 
Upper 

WATE 2 FFA SE IS ECE ELE Chet seer 20 474 15, 168 320 Qeitt 768 5.06 
Checkivils 2.22 eee eee 6 111 3, 330 717 21.53 3, 158 94, 83 
Doe nV nok heey en er oe a 20 681 18, 068 199 1.10 724 4.01 
Check Wales Se ee ee ee 6 200 7, 200 452 6. 27 6,380 88. 74 
WATE U1 ee ene emp ln Fees or he 20 512 14, 336 69 48 67 47 
Check VES ea oa Sees 6 214 6, 848 263 3. 84 1, 764 25. 7 


The final counts in this vineyard showed satisfactory results in all 
plats on which two applications of arsenate of lead with soap had been 
made (Plats III, V, VI, VII, and VIII). Where, in addition to 
these two applications, a third application was made, directed solely 
against the second brood, the percentage of infested fruit was shghtly 
reduced, but since the result was so satisfactory with two sprays (com- 
pare Plat IV with III and V) an extra or third application was unneces- 
sary. Asan additional disadvantage, the fruit thus sprayed was badly 
stained at harvest time. A single application made at the time when 
the grape berries were just touching (Plat I) effected a marked re- 
duction of infestation, as did a later single application directly solely 
against the second brood (Plat II), but in both plats the results were 
far from satisfactory. Any late application is open thus to objection 
because of staining the fruit at the approaching harvest. Three ad- 
hesives, laundry soap (Plat V), resin fish-oil soap (Plat III), and fish- 
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oil soap without resin (Plat VIII), were used. The difference in in- 
festation in these plats was so slight that it is not worthy of special 
consideration. Resin fish-oil soap solution spread rapidly and could 
be applied most easily. Arsenate of lead when used at the rate of 23 
pounds (powder) to 50 gallons of liquid (Plat VI) did not appear more 
effective than when used at the rate of 14 pounds to 50 gallons. The 
solution in which Bordeaux mixture was omitted (Plat VII) was 
practically as effective as any other, although slight burning followed 
its application. 


EXPERIMENT IN THE SOUTHWICK VINEYARD, NORTH EAST, PA., 1916. 


A plat of 28 rows, 9 rows to the acre, was chosen for experimental 
purposes in this vineyard. An unsprayed check of 8 rows was left 
in the middle of the plat. On one 
side were two sprayed plats of 6 
rows each, and on the other side 
two plats of 4 rowseach. The rest 
of the vineyard section on either 
side of the experimental block, 
although sprayed for the grape 
rootworm by the owner, also served 
as a check. The arrangement of Ea 


these plats 1s shown by the diagr am ie, 7.—Diagram showing arrangement of ex- 


(fig. Ae perimental plats in the vineyard of Mr. B. T. 


3 A Southwick, North East, Pa., 1916. The 
During the season of 1915 this sprayed plats are marked with Roman numerals 


section had been heavily infested, and the check plats with letters. (Original.) 
from 30 to 40 per cent, with a tendency for the infestation to be 
heaviest at the north end. 


NOP?7/4 


TABLE 14.—Spray mixtures used and methods and dates of application, Southwick vine- 
yard, North East, Pa., 1916. 


Bordeaux mixture. soa 
Date __| Arsenate aces Laundry Method of 
Plat No. Ofloadea leuko maat| te meee a u Water. noua 
sprayed. (powder). aires Copper = Der soap. application. 
sulphate. 
Pounds. | Pounds. | Pounds. | Pints. | Pounds. | Gallons. 
[tse ye ny ee July 10, 24. 4 3 4 1 50 | ‘‘ Trailers.’’ 
1b Ra Saeaee lessee domace 3 3 3 2 1 50 Do. 
11) Fee eae eae nally: 24. 2 4 3 3 i 1 50 | Do. 
Verse e ee ee. July 10,24. 3 3 3 4 1 50 | ‘‘Set nozzles’’ 
first ap- 
plication 
“Trailers 
second. 


1 Last application only. 
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TABLE 15.—Percentage of infestation in experimental plats, Southwick vineyard, North 
East, Pa., 1916. 


First brood. Second brood. 
Number | Number 
of of Total 


Plat No. berries 
vines. | clusters. * | Infested | Infesta- | Infested | Infesta- 
berries. tion. berries. tion. 

Per cent. Per cent. 
@heck Atego) =. ae 2k eee 20 609 16, 443 2, 866 17.43 11, 635 70. 76 
t DEER AGAL SEAS BLES EIS RENTS Bd 20 570 | 15,960 565 3.41 1,339 8.43 
1H leper ees Wee ieee gh Serene Es 20 638 19,778 597 3.02 835 4,22 
Check: Bos -ee tee owe eee 20 623 15, 575 2,129 13.61 11, 706 75.16 
ITT ee ose es Seri: Lape 20 585 145625 1,364 9.32 4,966 33.95 
dA eee i BN ie ge Oe 20 584 16, 936 995 5. 87 3, 242 19.13 
Check). @..22 22s ee BG 608 15, 200 1, 073 7. 06 9, 963 65. 65 


The final counts in this vineyard showed that the grape-berry moth 
had been controlled in the plat where two applications with “ trailers” 
had been made, using arsenate of lead (powder) at the rate of 24 

pounds to 50 gallons with an 
MORES adhesive (PlatII). Thiswas 
in the face of a very heavy in- 
festation in the checks. In 
contrast to the results in all 
other vineyards, in the plat 
in which 14 pounds of arse1.- 
ate of lead (powder) was used 
the final count was distinctly 
less satisfactory (Plat I). 
Fic. 8.—Diagram showing arrangement of experimental This difference was conspic- 
: plats in the vineyard of Mr. J. M. Moorhead, Moorhead- yoys only at the north end of 
ville, Pa., 1916. (Original.) ‘ : 
the vineyard, where the in- 
festation in the checks was practically total and where several eggs 
had been deposited on a majority of the berries. It should be noted 
that the contrast was not apparent until the second-brood counts 
were made, and the first-brood infestation was about the same in 
both plats. An unusually large percentage of second-brood larve 
found in Plat I were very late, indicating that the early second 
brood had failed to enter the berries. This would indicate that the 
two amounts of poison were equally effective for some time, but that 
the higher amount withstood the weathering better. 

Two applications (1) with “set nozzles” and (2) with “trailers” 
(Plat IV) were partially effective, though not satisfactory. A single 
application with ‘‘trailers’”’ when the berries were just touching 
(Plat III) was entirely unsatisfactory. 
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EXPERIMENT IN THE MOORHEAD VINEYARD, MOORHEADVILLE, IPA. 1916. 


An experimental plat of 48 rows, 8 rows per acre, was chosen in 
this vineyard. It was divided into 6 plats of 8 rows each. During 
the season of 1915 the infestation was heavy, 30 to 35 per cent of the 
berries being ‘“‘wormy,”’ with a tendency for heaviest infestation at 
the west side. Accordingly a transverse check of seven unsprayed 
vines at the end of each row was left. The arrangement of plats is 
shown by the diagram (fig. 8). 


TABLE 16.—Spray mixture used and methods and dates of application, Moorhead vine- 
yard, Moorheadville, Pa °£916. 


Bordeaux mixture. 


Arsenate 
Ss Potash Method 
Pint Ne: (eee oe, Ot tead Laundry | fsh-oil | Soft | water. | of appli- 
sprayed. | (pow- Copper soap. soap. soap ation 
der.) ime. sulphate. 
Pounds. | Pounds. } Pounds. | Pounds. | Pounds. | Pounds. | Gallons. 

1 es ac ae July 8,19 13 3 3 EL, | eect emer eon pie ate 50} Trail- 

ersi24 

A eta eae he COMsese 24 3 3 fe | eee cers | ees oe ea 50 Do. 

1B Renee July 8,20 4 3 3) | eeee ee 2 | Lise ba 50 Do. 

I EY Saeco Ons 4 3 3 Wee etek yey oes 50 | ‘Set noz- 
zles” 
first 
appli- 
cation ; 
‘trail- 

= er s” 
second. 

Vie ee eee Gkoiace 13 3 ea ys ed Oe ee ae 1 50 | “Trail- 

| ers.” 

Vala oe ret July 20. 13 3 3 cL ees ea | ea eee ia 50 Do. 


TaBLE 17.—Percentage of infestation in experimental plats, Moorhead vineyard, Moor- 
headville, Pa., 1916. 


{ 


First brood. Second brood. 
Number | Number 
Plat No. of OLE oars or ee eee 
vines. | clusters. * | Infested | Infesta- | Infested | Infesta- 
berries. tion. berries. tion. 
Per cent. Per cent 
ee a ae he me eee cane 20 850 29,750 0.81 1, 752 
Whecks leet tes h e peeee 6 253 9,108 406 4.45 3, 812 41.85 
Be CUR Rae Sa eee 20 675 23, 625 154 65 949 4.02 
Checks te eee ee are 6 226 8, 136 297 3.65 2,997 36. 83 
26 Soe eS SOS ISE eae 20 709 23,397 152 806 3.15 
Ghecksil eae ee a 6 195 7,410 340 4.57 2, 848 38.43 
SSA ae 5 ne, Se am 20 638 19,77 163 82 1,307 6. 61 
Checkin ee ee ee 6 235 8, 930 345 3.86 2,443 27.33 
See ete an ere fm Ae 20 703 23, 902 190 .79 4, 605 19. 60 
CHECKIN ie ie ee ona 6 224 8, 064 174 2215 2,741 33.99 
SO ae EE Aa eRe a ee 20 709 20, 561 333 1.61 1,079 5.25 
Checks Vise See 6 154 4,312 86 1.99 1,010 23.39 


The final counts showed satisfactory results in plats where two 
applications with ‘‘trailers’’ were made with poison and laundry 
or fish-oil soaps (Plats I, II, TI1). Fish-oil soap without resin as 
well as laundry soap was an effective adhesive, fish-oil soap having the 
advantage. A ‘‘soft soap’’ was also used (Plat V), but proved a 


26 


very poor adhesive. Arsenate of lead at the rate of 24 pounds 
(powder) to 50 gallons of liquid (Plat IT) appeared to be little more 
effective at the increased strength than when used at the rate of 14 
pounds to 50 gallons (Plat f). 

Plats where the first application was made with ‘‘set nozzles” 
(Plat IV) and where it was omitted altogether (Plat V) showed a 
fairly satisfactory reduction of infestation. It should be noted that 
the infestation in the checks in these two plats was not as heavy as 
that in the checks adjacent to 
Plats I, I, and III. 


EXPERIMENT IN THE PHILLIPS VINEYARD, 
NORTH EAST, PA., 1916. 
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LAST This vineyard consisted of Ni- 
agara grapes, whereas in all other 
vineyards in which experimental 
spraying was done the grapes were 
Concords. It covered about two 
acres, irregular in shape, and was 
divided into two plats. To guard 
against natural irregularities of 
infestation unsprayed checks were left in each of the three cornets. 
The arrangement of plats is shown in the diagram (fig. 9). 


SOUTH 


Fig. 9.—Diagram, showing the arrangement of ex- 
perimental plats in the vineyard of Mr. M. D. 
Phillips, North East, Pa.,1916. Thesprayed plats 
are marked with Roman numerals and the check 
plats with letters. (Ojiginal.) 


TABLE 18.—Spray mixtures used and methods and dates of application, Phillips vine- 
yard, North East, Pa., 1916. 


l 
| Bordeaux mixture. 
Arsenate 
Plat No. Dates sprayed.| of lead pe Water. othe’ or 
| (paste). | Tino Copper Pp. PP 3 
* |sulphate. 
| | Pounds. | Pounds. | Pounds. | Pounds. | Gallons. 
Lean Rees eee ee Sealy July 5 and 22.. pal 3 3 | 1 50 | “Trailers.’’ 
EL es SE eS ae SRR July 5 and 22..) 3 3 | 1 | 50 Do. 


TABLE 19.—Percentage of infestation in experimental plats, Phillips vineyard, North 
East, Pa., 1916. 


First brood. | Second brood. 
Number 
Plat No. of eel 
clusters. T1€S. | Infested | Infesta- | Infested | Infesta- 
berries. tion. berries. tion. 
Per cent. | Per cent. 
fie A OL Fe a ah ee eae ces llonens Fs hoe oct a | 400 | 15,200 436 2. 87 47 3.15 
Wee see hs Fe Re NS | 400 16, 000 107 . 67 142 - 89 
CHECK A hoe een ee 200 7, 200 423 5.88 5,135 71.32 
ChechkaiBicete 2 © axes BS re Je ny ee 200 7, 600 1,186 15. 61 6, 114 80. 45 
Chock Oe see ee oa ee ea ee ae 200 8, 000 289 eit 4, 034 50. 43 


CONTROL OF THE GRAPE-BERRY MOTH. ik 


Results in this vineyard showed that spraying will control the 
grape-berry moth fully as well in the very compact clusters of the 
Niagara grapes as in the less compact Concord. . The test was thor- 
ough, as shown by the heavy infestation in the checks. Arsenate 
of lead used at the rate of 5 pounds (paste) to 50 gallons of liquid 
(Plat I) did not appear to have any advantage over 3 pounds to 50 
gallons (Plat II). 


THE SprRAY MIXTURE. 


ARSENATE OF LEAD, AMOUNT NECESSARY. 


Arsenate of lead, either as paste or as powder, was the insecticide 
used in all field experiments. In all instances but one, when used 
at the rate of 3 pounds, paste, or 14 pounds, powder, to 50 gallons 
of liquid, the amount was sufficient to reduce the grape-berry moth 
satisfactorily. During the seasons of 1915 and 1916 at least one plat 
was sprayed with poison at the above rate, and one other plat was 
sprayed under conditions as nearly the same as possible except that 
the amount of poison was increased to 5 pounds of paste or 24 pounds 
of powder to 50 gallons of quid. In all instances except the one 
referred to no distinct advantage was shown in favor of the higher 
amount, while in two of the vineyards the plats sprayed with the 
higher amount were actually the more heavily infested. The differ- 
ences in results that did appear were usually slight and could be 
accounted for largely by variation of infestation. The comparative 
value of the two amounts of poison as it appeared in the different 
vineyards is summarized in Table 20. 


TABLE 20.—Relative efficiency of arsenate of lead at the rate of 3 pounds and 5 pounds 
(paste) to 50 gallons of liquid. 


Infested grape berries. 


Num- 
Treatments Num- 
Amount of arse- Years | ber of Aver- 
nate of lead. ere all tried. vine- Derg! Best Adja- | Poor- | Adja- aoe age of 
Ere yards. |2,20S: lat, | cent | est | cent ofall all ad- 
plat. | check.| plat. | check. jacent 
plats 
checks 


Perct.|\-Penct.\ Perct.| ber ct.,| Per ct.|Per.ct. 

3 pounds paste | Laundry soap,| 1915, 1916 7 7 | 0.89 | 50.43 | 8.43 | 75.16] 4.12] 50.03 
or 13 pounds 1 pound, 
powder to 50 B or deaux 
gallons of water.| mixture (3-3 


formula). 
The same as | 50 gallons ap- | 1915, 1915 6 Ges eee ols see kes oles me 204 |) 49) 17 
above.  Poor- plied twice 
est plat elimi- with ‘‘trail- 
nated. ers.”” 
5 pounds paste or |........-.-.-.--- | 1915, 1916 6 16 | 3.15 | 75.16] 5.06] 94.83] 3.34] 54.90 


24 pounds pow- 
der to 50 gal- 
lons of water. 


" 1 Plat I, Miller and Carlburg vineyard, is not included in this average because the results were prejudiced 
y rain. 


Table 20 indicates that as a rule there is practically no difference 
in effectiveness between the two amounts of poison. However, in 
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the Southwick vineyard, 1916 (Plats I and II), the results in the 
plat sprayed with the higher amount appeared so much better in the 
final counts that the result could hardly be accounted for by variable 
infestation. Moreover, checks on either side showed that very little 
variation existed. In this vineyard at one end, although not through- 
out the vineyard, the checks showed an infestation very near to 
total, and probably enough moths had emerged to have totally 
infested a crop several times as heavy. Under such conditions of 
extremely heavy infestation the higher amount of poison was more 
effective. As previously stated in the discussion of results in the 
Southwick vineyard, the two amounts of poison were apparently 
equally effective when the first counts were made, but the higher 
amount withstood the weathering better and was more effectivea gainst 
the late second brood. 


ADHESIVES. 


The necessity of adding adhesives to the spray mixture became 
apparent to the writer in the experiments in 1914. It was readily 
observed that the spray solutions from which an adhesive was absent 
did not adhere to the waxy skin of the grape berries, and this was 
undoubtedly one of the chief reasons for the failure to control the 
grape-berry moth during that season. The solutions to which soap 
was added appeared to adhere much better, but since this was used 
only in the last application a definite contrast in the final count was 
notshown. The counts in plats where soap had been added to the 
spray solution and applied with “trailers,” however, when compared 
with counts in the nearest checks are consistently better than the 
others. 

The effect of applying a spray mixture without adhesives was 
specifically demonstrated in 1915 by a comparison of the results in 
Plats V and IX in the Miller and Carlburg vineyard, pages 18-19. 
TaBLeE 21.—Relative effectiveness of spray mixtures with various adhesives and without 

adhesive. 


(Treatments common to all plats: Arsenate of lead, 3 pounds of paste or 13 pounds of powder; Bordea 
mixture (3-3-50 formula) applied twice with “trailers.’’) 


Infested grape berries. 
Num- | 
Kind of adhesive used. Years ber of va : Ke Aver- 
tried. vine- ene Best Adja- | Poor- | Adja- aoa age of 
yards.) 24s: a cent est cent | ofall all ad- 
P check. | plat. | check lats, | Jacent 
Pp checks 
Rench.||-her, cha Pen cia| een ct. re ct. Pes = 
Resin fish-oil soap........ 1916 1 1 We Ree Soe ee Meee tj (Bees Os eee 14 : 
Fish-oil soap (without | 1916 only. 2 DB) RSS Shh Were ers [Ste ater a s a Serer 1.97 31.29 
resin 
Do. Mora gray ati eee LOTS O16, 3 3 0.47 | 25.76 7.91] 65.94 : iF 2: Be 
Laundr SOap see: 1916 only 4 0 eae en es Si ec once | ene : : 
i nee 7 fred ate Say cage 1915, 1916 7 7 89 | 50.43 8. 43 75. 16 ia 7 cae 
Soft soa ges EL 1916 1 nS | pe er es es ee ee ee ee ee Pa : : 
Flour he Ce ee eee 1915 1 1 Map ee et hol A ere ae nee Wi inane 18. 89 28. 80 
Nojadhesive.=2.5 4-2 ---- - 1915 1 1 Pee ssee Moree Gcorued toossose 21.05 28. 80 


([eulsiQ) *(% *sy) dvos [1o-ysy ulsod & puv (7 “sy) dvos Aspunry v Jo eanyxiur Avads ur soryrpenb Ssurpvosds oaryeavdurog 
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From Table 21 it may be seen that fish-oil and laundry soaps used 
in the seasons of 1915 and 1916 were both effective as adhesives and 
that soft soap and flour paste were unsatisfactory. (See Pl. VI.) 
The advantage of one soap over another, as shown in the final counts, 
was usually so slight that it can not be considered significant. 

At the time of application resin fish-oil soap appeared at best 
advantage. It was a better spreader than any of the others and 
consequently made the work faster and easier. It was used only in 
the Bartlett vineyard during the season of 1916. The potash fish-oil 
soap without resin also spread better than laundry soap. Potash 
fish-oil soap was used in 1915 in the Miller and Carlburg vineyard 
and in 1916 in the Moorhead and Bartlett vmeyards. } 

The following analysis of the resin fish-oil soap used was made by 
the Bureau of Chemistry: 

Water, 25.7 per cent. 
Fatty and resin anhydrides, 68 per cent. 


Sodium oxide, Na,O, 4.3 per cent. 
Undetermined, 2 per cent. 


Laundry soap if carefully used is practically as effective and adhe- 
sive as the fish-oil soaps, but it has two distinct disadvantages, (1) it — 
is a slower and a poorer spreader than fish-oil soaps, and (2) different 
makes of soap and even different lots of soap of the same make vary. 
In the experimental work each brand of soap was tried on a few 
vines with a hand sprayer before it was used in commercial experi- 
ments. If the vineyardist finds it necessary to rely on laundry soaps 
for an adhesive, this precaution would be advisable. 

All of the laundry soaps that proved satisfactory were yellow resin 
soaps. Some of the so-called white soaps containing no resin were 
tried with a hand sprayer but lacked adhesive qualities and were not 
used in any field experiments. 

Cutting the laundry soap and allowing it to dry out before using it in 
the spray mixture seemed to impair its sticking as well as its spread- 
ing qualities seriously. 

A soft soap from a rendering factory also was tried, but gave nega- 
tive results both as an adhesive and as aspreader. This was observed 
readily at the time of application, and the result is shown clearly in 
the final counts. (Moorhead vineyard, Plat V, 1916.) 

Flour paste although a good spreader was an unsatisfactory adhe- 
sive, because it washed off with the first rain. (Miller and Carlburg 
vineyard, Plat VIII, 1915.) | 

When soap in the spray mixture is not dissolved thoroughly, 
clogging of the spray apparatus is likely to follow. Hot water was 
found necessary for quickest results. If the sprayer engine is water 
cooled, hot water from the water jacket can be used satisfactorily 
for this purpose. 
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Amount of adhesive necessary.—Resin fish-oil soap or laundry soap 
used at the rate of 1 pound to 50 gallons of liquid gave good results 
as a “‘sticker” and spreader. Potash fish-oil soap without resin was 
used at the rate of 2 pounds to 50 gallons of liquid. 


NICOTINE SULPHATE. 


Forty per cent nicotine sulphate was utilized in sprays every year 
in some of the vineyards against the grape leafhopper. This sub- 
stance was used at the rate of 1 part to 1,600 parts of liquid in the 
last grape-berry moth spray. In 1915 it was used in both of the 
applications against the berry moth. In none of the plats on which 
it was used was there any indication that nicotine sulphate added to 
or detracted from the value of the spray mixture, so far as grape- 
berry moth control was concerned. 


RELATION OF FUNGICIDES. 


Bordeaux mixture had no insecticidal or repellent value, so far as 
the grape-berry moth was concerned. (Miller and Carlburg vine- 
yard, Plat VII, 1915.) However, the addition of this fungicide 
_ seemed to be advantageous. Besides reducing the danger of burning 
by the arsenate of lead and soap combination it gave to the spray 
mixture physical qualities which lessened the tendency to collect 
on the lower surface of the berry. 

The relation of neutral acetate of copper to arsenate of lead and 
soap was tried in an experiment on a small scale. It was thought 
that this nonstaining fungicide might be substituted for Bordeaux 
mixture if an August spray were adopted. One pound of neutral 
acetate of copper and 1 pound of soap to 50 gallons of water were 
mixed and applied to a few vines. The result was unsatisfactory. 
No injury to the foliage resulted, but the soap and neutral copper 
acetate in combination stained the grapes fully as objectionably as 
the soap and Bordeaux combination. 

It had been demonstrated previously that the Burgundy mixture 
should not be used in combination with an arsenical, and it was not 
tried. 

LIME. 

When for any reason it was desired to omit Bordeaux mixture 
from the spray combination of arsenate of lead and soap, lime was 
added at the rate of 1 pound to 50 gallons of liquid. 


INJURY DUE TO SPRAYING. 


Combinations of arsenate of lead and soap with Bordeaux mixture 
or lime caused no injury to foliage in any of the three seasons of 
experimental work. If ‘nicotine sulphate 40 per cent” at the rate 
of 1 part to 1,600 parts of liquid was added to this solution it also was 
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applied safely. However, the combination of arsenate of lead and 
soap alone produced slight burning of foliage in 1916. (Bartlett 
vineyard, Plat VII.) 

No serious staining of fruit occurred except when the second- 
brood spray was applied in August in 1916. This was much reduced 
by using the arsenate of lead and soap with lime instead of with 


Bordeaux mixture. 
METHOD OF APPLICATION. 


The first season’s experiments clearly demonstrated the difficulty 
im covering grape clusters by the “set-nozzles” applications. This 
was particularly inadequate at the last application, at which time 
the foliage is very heavy, and pressure up to 250 pounds was not 
effective. The use of ‘trailers’? on a few plats for the last appli- 
cation suggested the complete change of method which followed the 
next season. 

A specific demonstration of the inadvisability of depending on 
“set nozzles’? as a means of applying spray was shown in 1915 by 
the contrast between Plats I and X in the Miller and Carlburg vine- 
yard. 

The necessity of using “trailers” was so satisfactorily established 
in the first two seasons that during 1916 “set nozzles’? were not used 
in both applications in any plats. However, in the Moorhead vine- 
yard, Plat IV, and in the Southwick vineyard, Plat IV, “set nozzles”’ 
were tried for the first application. In the former, at the time of 
the first application, the results were reasonably satisfactory, 
although not the best. In the latter vineyard the foliage was very 
heavy when “set nozzles’ were used, and the failure to cover the 
clusters with spray was obvious. The reduction of infestation that 
resulted should be credited largely to the last application, which 
was made with “ trailers.” 

The relative efficiency of “set nozzle” and “trailer” methods of 
application and a combination of these methods is shown in Table 22. 


TABLE 22.—Relative efficiency of ‘‘trailer” and ‘‘set nozzle” methods of application. 


(Treatments common to all plats: Arsenate of lead, 3 pounds paste or 14 pounds powder; laundry 
soap, 1 pound; Bordeaux mixture (3-3-50) applied after falling of blossoms and when grape berries 
were just touching.) 


Infested grape berries. 


7 Num- | | 
rte tee Years ber of ¢ KR 
Method of application. trigde ae Den Best | Adic- | Poor- | Adja- Aver- Aver- 
yards. | P’4ts- pint cent est cent nae eee 
* | check. | plat. | check. plats. |checks. 
“Trailers,” 2 applica- ‘Perict. | Perct. | Rer ct. \eeen che| “Pen chs |" hen Che 
OMS Se jens serge ae 1915, 1916 7 7 0.89 | 50. 43 8.43 | 75.16 4.12 50. 03 
“Set nozzles,” 1 appli- 
cation; “trailers, eel 
application By Naan ers 1916 2 2 6.61 | 38.43 | 19.13 | 65.65} 12.87 52. 04 


“Set nozzles,” 2 applica- 
GIONSHEA ee Ae teak 1915 1 1| 20.41} 28.80} 20.41 | 28.80} 20.41 28. 80 
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Usually when “‘trailer’’ applications were made the sprayer was 


driven only in every other alley between the grape rows, each rod- 
man spraying both sides of his row on the same trip. 

During the season of 1915, in the Moorhead vineyard, Plats II and 
IV, the sprayer was driven in every alley, each rodman spraying only 
one side of a row on each trip. While it was easier to cover the foliage 
by this method, it was slower and it showed no distinct advantage 
over the usual method, in controlling the berry moth. It was given 
no further trial. Which of the two methods is best is probably a 
matter of individual preference. 

Careful work was an absolute necessity for successful ‘“trailer”’ 
applications. While the responsibility rested chiefly with the rod- 
men, unless the driver was careful about gathering up the hose and at 
the same time allowing the rodmen time to finish spraying each 
vine the work was handicapped greatly. It was necessary also that 
the rodmen should make an effort to cover each cluster or the advan- 
tage of ‘‘trailers’’ over the strictly mechanical method was lost. 


TimE AND NUMBER OF APPLICATIONS. 


The most satisfactory spray schedule was as follows: The first 
application to be made immediately after the falling of the bloom; 
and the second application about two weeks later, at the time when 
the berries are just touching. This proved effective both in 1915 
and in 1916, and was the schedule used in the majority of plats. 

A single application at the time the berries were just touching 
reduced the infestation greatly, but hardly offered satisfactory 
results. It was tried only in the season of 1916. This spray is 
intended for late first-brood larve, and enough of the poison will 
remain on the berries, at the time of the hatching of eggs of the 
second brood, greatly to reduce this brood as well. The effect of 
this spray against the second brood is shown by referring to the 
counts in Bartlett (ower) vineyard, Plat I, in comparison with the 
adjacent Check Plat A. Plat I was naturally more heavily infested 
than was Check Plat A, as the first-brood count showed that it had 
about 50 per cent more infested berries than did ‘‘A.”’ On the other 
hand the final count showed the percentage of infestation in Check 
Plat A to be three times as heavy as that in Plat I. Similar final 
results are shown in Southwick vineyard, Plat IV. The results in the 
Moorhead vineyard, Plat VI, would indicate that in case of light 
infestation this one application might control the berry moth satis- 
factorily. 

In 1916 a single application, made on August 12 and aimed directly 
against the second brood, also reduced the infestation considerably, 
as shown in Bartlett vineyard Plat II, although the counts did not 
appear as favorable as the single earlier application previously men- 
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tioned as being made when the berries were just touching. This was 
probably due to the fact that the absence of the early application 
permitted all of the first brood to enter the berries and heavier ovi- 
position later resulted. Furthermore, dependence upon an applica- 
tion as late as August 12, alone, is open to objection even if the second- 
brood control was very good, because infestation by the first brood 
will usually seriously thin out the clusters, and too, the spray remains 
longer on the berries, leaving them seriously stained at harvest time. 
This application is harder to make than is the earlier one because the 
foliage at the later date is much heavier. The value of the applica- 
tion is largely that of an emergency measure, at a time when the first 
brood has not been controlled. 

A three-spray schedule was tried in Plat IV of the Bartlett (lower) 
vineyard. The infestation was less than in Plats III and V, which 
had been sprayed twice. However, in this instance the difference was 
not of commercial importance and would not pay for the extra appli- 
cation, and the fruit was stained so badly by the last application as 
to reduce materially its value on the basket market. This third 
application could be of value in this region only under extraordinary 
conditions, when faulty work or lack of spray materials and labor or 
unfavorable weather had prevented the control of the first brood. 

A comparison of the results of different spray schedules is given in 
Table 23. The average infestation of plats where two applications 
were made was distinctly heavier than was the infestation in the one 
plat where three applications were made. It should be noted, how- 
ever, that where the plats sprayed two and three times were adjacent 
in the same vineyard, the difference in infestation was very slight. 

It also shows that the single application may produce fair control 
if the infestation is light, but that on the whole dependence on a 
single application is unsatisfactory. 

A spray application before the grapes blossomed, followed by the 
usual two applications after the falling of the blossoms, was tried in 
one plat in each vineyard in 1914. No beneficial results of this spray 
could be noted when the final counts were made. The importance of 
this spray was brought into question soon after its application, for 
very few larvee were found in the clusters before the next was applied. 
Even had they been numerous at that time, the ‘‘preblossom spray”’ 
could hardly have been effective, as practically all of the poison that — 
did adhere to the clusters when applied fell off a few days later with 
the flower caps. | 

This early spray was applied again in 1915 in all three vineyards, 
but since practically no larve were found until the blossoms fell, these 
plats were discarded. 
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TABLE 23.—Relaiive efficiency of different times and numbers of applications. 


| Infested grape berries. 
Treaimenis Num | Num- 
Timeand number | (6ommon to Years | ber of | 7; of aS Aver- 
of applications. | all pjats tried. | vine- Eel Best Adja- | Poor- | Adja- &T- | age of 
| yards P plat cent | est | cent ofall all ad- 
pi’. | check.| plat. | check plats. |Jacent 
| a checks. 
Pa. | Pod. | Pd. | P-d. | Pd. | Pd: 
Two applications | Arsenateoflead,| 1915, 7 7} 0.89 | 50.43] 8.43 | 75.16 | 4.12] 50.08 
after blossoms 3 pounds pasie| 1916 
have fallen and | or 15 pounds 
when grape ber- powder; laimn- 
ries are touch- dry soap, i 
ing. pound; Bor- 
deaux Mmix- 
ture (3-3-50), 
applied with 
“trailers.”’ 
Two applications, |....- do. ose se? 1916 1 a) £2.57 | 79.72) £57 | 7.723 1.57) 7.72 
same as above, 
including only ; ; 
plat adjacent 
to that sprayed - 
3 times. ! 
Three applica- |___.- G02 ees oes 1916 1 1 -68 | 67.52 | .68 | 67.52 -68 | 67.52 
tions, 2 same as 
above; third 5 
weeks alter first. 
One application |....- do-. . 5.28222 1916 3 | 5.25 | 23.39 | 33.95 | 75.16 | 18.71 | 51.29 
when grape ber- 
ries are touch- 
ing. 
One application 5 | @).............- 1916 1 a | 39.97 | 55.53 | 19.97 | 55.53 | 19.97 | 55.53 
weeks after fall- 
ing oi blossoms. | | 
J | ! | 


i Same as above, except arsenate of lead, 24 pounds, and resin fish-oil soap instead of laundry soap. 


FACTORS DETERMINING THE TIME AND NUMBER OF APPLICATIONS. 


The time and number of applications are determined not only by the 
seasonal history and habits of the grape-berry moth, but also by the 
development of the grape itself. Fortunately the times for spraying, 
most favorable in relation to the pest and also in relation to the crop, 
are nearly coincident. It is probable, therefore, that the vineyardist 
will find it most convenient to time his operations entirely by the 
development of the fruit. 

The first spraying probably destroys the largest number of first- 
brood larve, for it is applied just before they begin hatching in num- 
bers. Besides these, it also destroys some larve which hatch before 
the blossoms fall and are feeding in the cluster, but have not entered 
a grape berry. Following this application the grapes grow very rap- 
idly and the larger part of the berry surface does not long remain 
covered. But as at this time the majority of the larve enter the 
berry at the stem end, where the spray always collects, compara- 
tively few escape. 

The second application is made after first-brood hatching begins to 
decline, but it is effective against the second brood also. Assoon as 
the berries begin to touch, the majority of larve begin entering at 
the points of contact instead of at the stem ends. Spray which is 
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applied at this time is especially apt to collect at these places again, 
at which point it may be most effective later. It also covers the 
berry, and since there is comparatively little growth following this, 
it remains over the larger part of the surface until it is weathered off, 
or for about two months. Thus it remains effective during the period 
when the greater part of the second-brood larve hatch. As shown 
by the single-spray applications in 1916, this second spraying is prac- 
tically as effective against the second-brood larve as is one applied 
three weeks later, just as they are beginning to hatch. 

Larve which succeed in entering the first berry may be poisoned 
upon moving to a second. Larger larve seldom consume enough 
poison to prevent their entering the grape berry, but may be found 
dead in the berry a day or two later, whereas those that have reached 
the fourth stage are seldom susceptible to poison in the amounts in 
which it is to be found, after weathering, on sprayed grapes. 

If this schedule is followed closely, the places on the grape berry 
at which the majority of the larve would normally enter should be 
well covered with poison, and the surface of the berry as a whole will 
be covered for a longer time than by two sprayings applied at any 
other time. If the first application were made earlier, before the 
falling of the grape blossoms, most of the poison would be lost with 
the shedding of the floral parts, and the application would be com- 
paratively ineffective. If the second application were made earlier, 
while the berries were still growing rapidly, it could not cover the 
surface of the berries permanently nor could it collect at the points 
where the berries would touch, and while it might destroy more of 
the first brood, it would be almost entirely ineffective against the 
second. Hence no variation in the time of these two applications is 
advisable. 


RELATION OF DIFFERENT GRAPEVINE TRAINING SYSTEMS TO SPRAYING. 


The system of pruning and training a vineyard must be largely 
determined by horticultural considerations. Nevertheless the dif- 
ferent systems greatly affect the facility with which the grapes may 
be sprayed and in other ways are related directly to the control of 
insect pests. To determine the relation to grape-berry moth con- 
trol of five of the more important systems, a small block in Mr. A. P. 
Bartlett’s vineyard was used in 1916. In all of the other spraying 
experiments the vines had been trained according to the Chautauqua 
system. This block was trained by the owner especially for this 
experiment according to the Four-cane Kniffin, Munson, Umbrella, 
High-renewal, and Chautauqua systems. 

As there may be many who are not familiar with all of these vine- 
training systems the following brief descriptions have been compiled 
from the papers of Husmann (15) and Gladwin (14). 
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Chautauqua system.—This is the system used most frequently in the 
Erie-Chautauqua grape belt. The stem reaches only to the lowest 
wire from which permanent arms to suppport the canes are carried 
right and left along the lower wire. The canes, usually about 4, are 
carried upward and tied to the upper wire or wires. 

High-renewal system.—-The head of the vine reaches only the lowest 
wire of the trellis, and the canes are tied right and left along this 
wire. The fruiting shoots growing from these canes are trained 
upright and fastened to the wires overhead. 

Four-cane Kniffin system.—The stem is carried directly to the top 
wire of a two-wire trellis. Two canes about the level of each wire 
are tied right and left along each wire. 

Umbrella system.—This system differs chiefly from the Kniffin in 
that two canes are left instead of four. They are started at the upper 
wire and the extremities are tied down to the lower wire. 

Four-cane Munson system—This system differs from the others 
mentioned in that it requires an overhead trellis. Across the top of 
each post a crossbar 20 inches long is fastened and outer wires are 
fastened at the ends of these crossbars, while an inner wire is fas- 
tened to the post about 6 inches lower down. A single stem is carried 
to the inner wire and four canes are left, one carried in each direction 
along each wire. 

Two regular first-brood applications with ‘‘trailers’’ were made. 
Vines trained according to any of these systems could be sprayed 
thoroughly and the difference in final counts is not significant, but 
the ease with which the applications were made is of considerable 
importance. 

The Kniffin and Munson systems were much the easier to spray. 
The time required was about 15 per cent less than that required for 
the Chautauqua system. These systems had the advantage of having 
no upright shoots or canes to interfere with a free action of the spray 
rod. The fruit, although well protected by leaves above at the time 
of spraying, was well exposed below. The bunches hung, in the 
Kniffin system in two layers, one below each wire, and in the Munson 
system just below the trellis, and consequently were easy to find. 
The Munson system had the disadvantage of producing a dense 
shade, and consequently favoring grape-berry moth infestation. 

In contrast to this, the Chautauqua system presented the disad- 
vantage of upright canes, which interfered with free action of the 
spray rod and with fruit arising from anywhere up and down these 
canes. The clusters were well protected by leaves and often isolated, 
and greater care was necessary in finding them and covering them 
with spray. 
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The umbrella system with the canes bent down from the upper 
wire to the lower presented a difficulty in spraying similar to that of 
the Chautauqua system, although it seemed slightly easier to spray. 

The high-renewal system was much more difficult to spray owing 
to the tendency of the rods to catch in the numerous upright shoots. 


SUMMARY OF IMPORTANT FACTORS IN SPRAYING PRACTICE. 


The most important factors in spray practice to control the grape- 
berry moth, shown by the final counts in 28 of the 49 experimental 
plats of three years, are summarized briefly in Table 24. Factors of 
minor importance such as a complete comparison of adhesives and 
value of nicotine sulphate are omitted. In addition, the plats in the 
experiment in the Phillips vineyard, 1914, because of the erratic 
infestation, and the plats in the Miller and Carlburg vineyard, 1915, 
which were affected by rain, are excluded. 


TABLE 24.—Relative efficiency of spraying measures tried. 


Infested fruit. 
) thod of licat d hedule fol ays Bere A 
ray mixture, method of application, and spray schedule fol- ears (6) ne Average 
: : lowed. tried. sprayed AY ETeee in adja- 
plats. cent un- 
pprayee sprayed 
P checks. 
I. Arsenate oflead, paste, 3 pounds, or powder, 14 pounds; 
laundry soap, 1 pound; Bordeaux mixture, 3-3-50. Ap- 
plied with “trailers” immediately after blossoms had : 
faJlen and again when grape berries were just touch- Per cent. | Per cent. 
In PaOMADOUteaweeks aver) meso sss = ee seperti te eras 1915, 1916 7 4.12 50. 03 
II. Same asI except arsenate of lead omitted......-.......- 1915 1 33.31 28. 80 
Ill. Same asI except adhesive omitted..........-.---....-- 1915 1 21.05 28. 80 
IV. Same asI except Bordeaux mixture omitted ........... 1916 1 4.01 88. 74 
V. Sameas I except arsenate oflead increased to 5 pounds 
(paste)ior 24 pounds (powder)=-22te.- 0-2 eee eee 1915, 1916 6 3. 34 54. 90 
VI. Sameas I except resin fish-oilsoap used instead of laun- 
GrYZSOAD a EypO UN Ceres ee eee eee eee noses ee eee 1916 1 2.14 55.53 
VII. Same as I except fish-oil soap (without resin) used in- 
steadvoilaundry: soap. 2 pounds .226- So55--2 205-28: 1915, 1916 3 3.95 42. 84 
VIII. Same asI with addition of a third application 5 weeks 
AIVOTSNTS bases eee ae ee eee ree a eee eee rae 1916 1 68 67.52 
IX. Same as I (including only the plat adjacent to V1) ..... 1916 1 SY 79.72 
X. Same as I except first application omitted............-- 1916 3 18.71 51. 29 
XI. Same as I except “set nozzles” used in first application 
AIST CL ORO ALTE CLS ee een ena ake re re eetaey (Sy 1916, 2 12. 87 52. 04 
XII. Same as I except ‘“‘set nozzles” used in both applica- 
LIONS INSteadofcetrallers:2< esse te eee ee ns 1915 1 20.41 28. 80 
XIII. Same as I except adhesive omitted and ‘‘set nozzles” 
used in both applications instead of “trailers”........ 1914 1 26.70 31.80 


This table shows that both arsenate of lead and soap are essential 
factors in the spray mixture, while Bordeaux mixture is of little 
importance. An increase in the amount of arsenate of lead is usually 
of little value, and variation among the three kinds of soap used is not 
an essential consideration. Two applications effect a practically 
satisfactory control so that the advantage of a third application is 
insignificant. The omission of the first application, or making it 
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with ‘‘set nozzles”’ instead of with ‘‘trailers,” furnishes on the aver- 
age only a partially satisfactory measure, while complete substitution 
of ‘‘set nozzles” for ‘‘trailers’’ is entirely unsatisfactory. 


Spray COMBINATIONS 


A combination of sprays may be made, to control, besides the berry _ 
moth, practically all other important enemies of the grape in this 
region—the grape rootworm, the grape leafhopper, and the powdery 
mildew. These spraying recommendations for the control of enemies 
of the grape other than the grape-berry moth are based on recommen- 
dations of other investigators, and were employed incidentally in 
connection with the hone experiments. 

The time of the first spray application for berry moth, just after 
the grape blossoms fall, during the seasons of 1914, 1915, and 1916, 
has been from 2 to 4 days theese the appearance of the rootworm 
beetles. Without change of time or mixture this application is 
effective against the rootworm also. If this application is intended 
as rootworm control also, care should be taken to cover the upper 
surface of the foliage, for unless extra attention is given to this it 
is apt to be done less effectively with “trailers” than with ‘‘set 
nozzles.” In exceptional instances an extra application for root- 
worm control may be necessary. This combination must not be 
attempted if it is desired to add molasses or sugar to the rootworm 
spray, aS mixtures containing sugar are very soluble and wash off 
the vines readily. Furthermore, a combination of sugar with Bor- 
deaux mixture is apt to burn foliage. 

The second berry-moth spray, applied when the berries are just 
touching, may be made effective also against the grape leafhopper 
by the addition of nicotine sulphate (40 per cent) at the rate of 1-1,600 

1 pint to 50 gallons.) 

By the addition of Bordeaux mixture in these two applications, 
powdery mildew also can be controlled. These two applications of 
Bordeaux will be useful against black rot and downy mildew also, 
where these occur, although an additional earlier spray will be 
necessary for the control of these diseases. 


Cost. 


The cost of spraying material and labor required to control the 
grape-berry moth, if applied to control the berry moth alone, is 
about $5 per acre. In computing this cost it is assumed that an 
average of 6 acres are sprayed per day and that 150 gallons of liquid 
are applied per acre. This average may not be maintained if the 
water supply is inconveniently situated and the spraying machinery 
is not kept in condition, but delays due to these sources are not nor- 


1 See Quaintance and Sb dar (12), Johnson and Hammar (13), Johnson (17), and Hartzell (18). 
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mally necessary. These figures do not include interest on money 
invested in the spraying machine, depreciation, breakage, or inci- 
dental costs of operation, such as gasoline and oil, since these vary 
greatly. The details of cost for a single application are as follows: 


Materials for 150 gallons of spray mixture: 


Arsenate of lead (paste), 9 pounds, 8 cents per pound..................-. $0. 72 
Kimersipoundsy scent: per pound se 3 series ce tee. Feiss aia oe O01 
Resin fish-oil soap, 3 pounds, 64 cents per pound..............-.---.-..- 19 
icaborzormensadaysatibosperidaya else cere tee ej eras, en eas 1.00 
ntearieet. dayerabibonPersGa Vici. xe ctys aie gee cad s See aigeee tao. ie Geta t . 50 
2.42 


For the two applications the cost would be $4.84 per acre. 

The entire cost, however, need not be charged to berry-moth con- 
trol if a combination spray is used. These two spray applications 
are necessary in the majority of vineyards to secure the greatest 
possible profits, even if the berry moth is not present. In a vineyard 
where control measures are already employed against the rootworm, 
leafhopper, and powdery mildew, the additional cost per acre in 
controlling the berry moth would be as follows: 


Extra cost of labor for using ‘‘trailers’’ instead of ‘‘set nozzles’’ in the first 


application. 
Kabor cost witha. stratlersi(Seeabove) 05-5. 4-42 oe ve cee $1. 50 
Labor cost with ‘‘set nozzles,’’ 1 man and team 4 day at $5 per 
CIE Va se 8 OEE Soe ami OL ter ape ee Ga meet 675 
$0. 825 
Arsenate of lead (paste), 9 pounds for second application, at 8 cents per 
OO WUT GL ee ee eel Roe Us Tene eS Da INT ee SRS ey ee Keo. Some Los os CW 72 
Soap, 6 pounds (2 applications), at 64 cents per pounds.................... 375 
HINO Get leap ener ee ree aN Ce cui lc cicea Mae s eyes oie uaiere ala ue uaa 1. 920 


Thus, if spraying for rootworm, leafhopper, and mildew is properly 
done the extra cost of spraying for the grape-berry moth is only 
$1.92 per acre. 


SUMMARY AND RECOMMENDATIONS. 


The grape-berry moth can be controlled by spraying. Other 
methods will reduce berry-moth infestation, and some of them can 
be employed profitably to increase the efficiency of spraying, but 
none offers a dependable control in commercial vineyards. 

Gathering and destroying grape leaves in the fall is of little use in 
berry-moth control. 3 

Bagging grape clusters immediately after the setting of the fruit 
will exclude the berry moth and prevent infestation, but the expense 
is prohibitive in commercial vineyards in this region and may be 
used advantageously only in garden vineyards. Hand picking of 
grape berries infested by first-brood larve, if done by competent labor, 
will reduce berry-moth infestation, but except in extraordinary cases 
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will not control it. When spraying can be employed these measures 
are unnecessary. 

A number of other measures reduce infestation and generally may 
be employed as a part of vineyard practice without additional 
expense. When commercial vineyards are infested, the worst areas 
should be harvested as early as possible and the ‘“trimmings”’ re- 
moved, to secure the largest weight for the crop and to remove as 
many larve as possible from the vineyard. Clearing away brush 
in the neighborhood of a vineyard will destroy the protection for 
hibernating pupe with an ultimate reduction in infestation. When 
it is in keeping with cultural practice, pupze hibernating under the 
vines should be covered with earth in the spring by plowing, and this 
covering should remain until the period of blossoming of the grapes, 
when it should be removed with a horse hoe. This plowing should 
not be allowed to interfere with spraying. 

These practices, it must be remembered, while reducing infesta 
tion, will not control it, and they should not be expected in any way 
to take the place of spraying. 

The following spraying practice has been found most satisfactory: 


The spray mixture— 
Arsenate of lead— 


Past@nd . ocngc ers Bec tre et tegs eae = ARSE: oh gaa eee eae ee pounds.. 3 

Or powderisc ee sh igi oe ak eB ccc rae  iG a cee ae dose: sds 
Resin: fish-01l S08 D2. giscetie eel ce se Seg e eee et eee eee ee 6 Koja) sec] 
Bordeaux mixture— 

Copper sulphater ss: s2505 25 N20 Se si 2 Cee Pee sess ee See doses 

1 Sah acke pee atet SON tees ener men rey Pee manic (Oe meer ty ee aaa nD a oir unl een dot eS 
Wiattercce se each eine ps ake ey eon ae ge gene ie Santer We eta = odsiahy | ster 2p gallons.. 50 


Method of application, with ‘‘trailers”’: 
Spray schedule— 
First application, immediately after falling of grape blossoms. 
Second application, when grape berries are Just touching (or about two weeks 
later). 


Under some conditions it may be desirable to modify the spraying 
practice outlined above. 
In case of extremely heavy infestation the amount of arsenate of 


lead should be increased to 5 pounds (paste) or 24 pounds (powder), — 


at least in the last application. 

If resin fish-oil soap is not available a laundry soap containing 
resin may be substituted in its place. Laundry soaps, however, vary 
sreatly in their sticking and spreading qualities, and great care 
should be used in selecting those best suited to this purpose. What- 
ever soap is used, care must be taken to have it thoroughly dissolved 
before adding it to the spray mixture to prevent clogging of the 
spraying machinery. 

The use of Bordeaux mixture, while not having a direct effect upon 
the berry moth, is recommended, to prevent burning of the grape 
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foliage by the combination of arsenate of lead and soap. Lime at 
the rate of 1 pound to 50 gallons may be substituted instead. Since 
it is very rarely that the fungicidal spray can be omitted with profit, 
the use of Bordeaux mixture is preferred. 

This spraying combination should control any infestation of the 
erape-berry moth, such as the writer has observed durimg three sea- 
sons in the Krie-Chautauqua grape belt, and has been applied suc- 
cessfully under very unfavorable weather conditions. If, however, 
through faulty spray materials or work, or adverse weather at the 
time of spraying, these applications fail to control the first-brood 
larve, they may be supplemented by a third application five or six 
weeks after the first, with the understanding that the fruit is likely 
to show heavy staining at time of harvest. This staining may be 
reduced by omitting Bordeaux mixture from the solution applied 
and using instead 1 pound of lime in 50 gallons of water. 

In case the foliage is very hight at the time of the first application, 
expenses may be reduced somewhat by using ‘‘set nozzles” at this 
time and using “trailers”? only for the second application. Single 
spray applications, either at the time the grape berries are just touch- 
ing or about three weeks later, will reduce the infestation and in some 
instances control it. Such measures to reduce expenses of spraying, 
however, are dangerously likely to fail in reducing the infestation 
satisfactorily, and should be adopted with great caution. 

Spraying operations will be facilitated greatly by training the 
vines so that the clusters may be reached most quickly and covered 
with spray. Ina limited experiment the Kniffin system seemed most 
satisfactory for this purpose. 

The applications required for the control of the grape-berry moth 
are so timed that they may be combined with applications to control 
the grape rootworm, grape leafhopper, and powdery mildew, and 
some of the applications for downy mildew and black rot also may 
be combined with them. Nothing need be added to the spray solu- 
tion for rootworm control; nicotine sulphate (40 per cent) at the 
rate of 1 to 1,600 should be added to the second application for leaf- 
hopper control; and Bordeaux mixture should be used in both appli- 
cations for fungous diseases. 

The cost of spraying to control the grape-berry moth need not 
exceed $5 per acre. If the applications are made to control other 
pests as well, the charge against the berry-moth control should be 
considerably less. 

It should be borne in mind that unless the proper spray me is 
applied at the right time and the clusters are thoroughly covered, the 
work is of little value. 
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